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ABSTRACT
In the first experiment, the temperature humidity index
(THI) was compared with pregnancy rates (PR) in bovine fe
males under two different environmental cooling systems.
The PR decreased if the THI was greater on the second day
prior to or after mating compared with that of the day of
mating.

In the second experiment, the stages of embryo

mortality in the first 40 days of gestation were identified
in the hot and cool seasons of the year.

At day 13 or 14 of

pregnancy 27% of embryos were viable in the hot months,
which was less than 60% at day 13 or 14 in the cool months.
The results suggest that embryonic loss after day 6 or 7 of
pregnancy is a problem for high producing cows in this hot
climate.

In a third experiment, conceptus loss (CPL) >40

days of gestation was evaluated in 2,874 dairy cows.

Over

all conceptus loss occurred in 16.5% of the females.

Re

sults indicate that CPL continues to be a problem in dairy
cattle after 40 days of gestation.

In the fourth experi

ment, conceptus death was induced in beef females between
days 25 and 50 of gestation by intrauterine infusion of
colchicine.

The results verify that luteal activity is

maintained after conceptus death and that the interval to
estrus may be reduced by administering prostaglandins after
diagnosis of conceptus death.

In a fifth experiment, day-6

bovine embryos received either an acute stress prior to
co-culture at 38.6°C, cultured continuously at 38.6°c or
cultured continuously at 40°C on an oviductal monolayer.
xiv

Results show that a chronic heat stress is detrimental to
embryo viability but that an acute stress significantly
improved embryo development in vitro.

In a final experi

ment, pregnant beef females were superstimulated with gonad
otropin treatment at each trimester of gestation.

Sixty

oocytes from first trimester pregnant females were exposed
to IVF resulting in 20% developing to the 2-cell stage with
50% of these reaching the morula stage.

Results suggest

that oocytes from early gestating females were capable of
fertilization and development to the morula stage in vitro.

xv

INTRODUCTION
Optimal reproductive performance in dairy cattle is de
pendent on a multitude of factors.

Lifetime production of

milk and calves is generally optimized with a calving inter
val of 365 to 390 days.

The direction of a reproductive

program in a dairy unit will depend on the economic gain
from both milk and meat production.
In Saudi Arabia the economic gain from increased milk
production is greater than that from beef production.

The

market demand for milk and its major product, Laban, is sea
sonal .

The highest demand for milk products occurs during

the hot summer months (May through September).

However,

there are a number of problems associated with achieving
this goal.

The lactation curve of dairy cows results in

peak milk production being reached at 9 to 13 weeks into
lactation (Munyakazi et al., 1990).
Since the gestation period of cows in this climate is
on average 279 days (Ryan, 1987), it is difficult for fe
males to become pregnant in the hot season so that peak milk
production occurs in the hot season in the following year.
The hot summer period results in a seasonal depression in
fertility.

It has been estimated that in this production

environment each day the cow remains nonpregnant beyond 80
days there would be an economic loss of $8 per animal per
day (E. Kopel, personal communication).

To maintain a sat

isfactory supply and demand for milk products management
begins to inseminate cows starting in April and heifers in
1

May.

Heifers, however, seem to maintain higher fertility

levels than parous females during the same hot months.
Failure to achieve high pregnancy rates after mating at
the beginning of the hot summer season results in a failure
to become pregnant until the cooler months.

However, this

ultimately shifts the supply of milk to the market at a per
iod when demand is reduced.

Consequently, milk is often

dumped during this time lowering the annual profit margin.
Seasonal depression in fertility often limits the ability to
selectively cull cows on milk production and ultimately the
rate of incorporation of desired genetic traits.

Therefore,

fertility in dairy cows in Saudi Arabia is central to prof
itability of the industry.
Various approaches have been employed in the past to
reduce the impact of impaired fertility in cattle.

These

approaches have included environmental control, hormone
treatment and embryo transfer technology.

However, these

approaches to the existing problem often do not address the
cause of impaired fertility.
The development of nonsurgical embryo collection in
cattle has enabled the stages of early embryo mortality to
be more easily identified.

Superovulation regimes have been

employed with this technique to increase the number of emb
ryos collected but this may subsequently affect the stage of
embryo mortality.

Beyond 20 days of gestation, the amount

of conceptus mortality has been estimated to be low.

Death

of the embryo and its effect on luteal function has not been
clearly identified.
The following review of literature examines the stages
of conceptus wastage, some causes of conceptus loss and
measures that have been employed to reduce the conceptus
loss.

CHAPTER I
LITERATURE REVIEW
Stages of Conceptus Wastage
Calving rates following a single insemination of frozen-thawed semen of 50 to 60% in beef or dairy cows (Boyd and
Reed, 1961; Sreenan and Mulvehill, 1975; Roche et al., 1977;
Wishart et al., 1977) suggest fertilization failure and emb
ryonic mortality rate of approximately 40%.

Although sever

al investigators have documented early embryonic mortality
in cattle, the stage of gestation that the loss occurs is
unclear (Ayalon, 1978).

Fertilization rates after natural

mating have been reported to be >90% in cattle (Ayalon,
1972; Diskin and Sreenan, 1980; Smith et al., 1982), above
80% in sheep (Dutt, 1964) and 90 to 95% in swine (Stone,
1987).
In a study with repeat breeder dairy cows, fertiliz
ation rate was 72% and the estimated embryo survival rates
for days 16 to 19 days and days 40 to 49 of pregnancy were
67 and 76%, respectively (O'Farrell et al., 1983).

These

findings are in contrast with those of other workers who
reported both low fertilization and embryonic survival rates
in repeat breeder cows (Graden et al., 1968; Ayalon, 1978).
In a temperate climate, Roche et al. (1981) reported
that fertilization failure can account for up to 20% of con
ceptus wastage in normal cycling beef heifers.

Embryonic

mortality accounted for most of the remainder and generally
occurred between days 8 and 18 post-mating.
4

Diskin and

Sreenan (1980) indicated that the loss had already occurred
by day 12 in beef heifers synchronized with progestogens for
9 days.

In a study with Brahman heifers in Texas, Smith et

al. (1982) reported that 78% of the females had a viable em
bryo on day 16 of gestation and this was similar to the 72%
pregnancy rate at day 35 of gestation.
When Holstein cows were superovulated with gonadotro
pins and exposed to heat stress, Monty and Racowsky (1987)
and Putney et al. (1988a) concluded that a major portion of
embryo mortality occurred prior to day 7 post-mating.

Edey

(1969) concluded that 20 to 30% of embryos are lost in sheep
during the first 3 to 4 weeks of gestation and Kelly (1984)
noted that this loss increased with an increase in ovulation
rate.

In the pig, approximately 30% of embryos are lost by

day 25 of gestation accounting for most of the embryo mor
tality in sows (Stone, 1987).
Ayalon (1972) has reported a significant reduction in
embryonic survival after day 16 post-mating.

Ball (1978)

has concluded that embryo death later than day 14 after
artificial insemination (Al) occurred in 10% of dairy cows
when evaluating twice weekly milk progesterone levels.

It

was proposed that most of the conceptus deaths occurred
>35th day after Al, the time when the fetal membranes begin
to attach to the uterine wall (Metton et al., 1951).

The

incidence of embryo death at this time was found to increase
with cow age.

Assumptions made in this study were that if

progesterone (P4) concentrations dropped below a critical

level it was taken to indicate early embryo death.

Ingraham

et al. (1985) reported that 25% and 21% of services in Feb
ruary and March, respectively, resulted in an extended per
iod of elevated P4 suggesting late embryo death (>day 12
post-mating).

These findings also indicated that later

embryonic death was not associated with weather conditions
per se.
It may not be accurate to use the time when P4 decreas
es below a critical level to indicate the stage of embryonic
mortality in dairy cattle (Kassam et al., 1987).

In this

latter study, pregnancy was terminated in four cows by man
ual rupture of the amniotic vesicle on day 41 or 46 after
insemination.

Luteal activity, monitored daily by plasma P4

assay, was still evident in two of these cows 35 days after
fetal death.

In the remaining cows, luteal regression was

evident at 28 and 32 days after membrane rupture.

The time

of later stage embryonic and fetal mortality appears not to
be accurately identified using circulating P4 levels after
conceptus death.
A viable embryo produces bovine trophoblast protein-1
(bTP-1) from around day 15 of pregnancy.

This conceptus

protein has a luteotrophic effect resulting in an extension
of the interestrous interval (Helmer et al., 1989).

There

fore, embryo death beyond day 15 will increase the interest
rous interval and the time when P4 reaches basal levels may
not identify the time of embryo death.

Later stage conceptus mortality may be better ident
ified by intrarectal ultrasonic imaging of the bovine con
ceptus.

Curran et al. (1986) first detected the embryonic

vesicle in heifers at a mean (± SE) of 11.7 ± .4 days and
the conceptus proper at 20.3 ± .3 days from the time of ov
ulation in heifers.

A heartbeat (mean = 188 ± 4.8 beats per

minute) was first detected on the first day of identific
ation of the embryo proper (eight heifers) or on the foll
owing day (seven heifers).

When pregnancy was diagnosed by

ultrasonography between day 30 and 35 in embryo transfer
recipients, 40% of the females diagnosed pregnant returned
to estrus at a mean of 42.8 days (Guilbault et al., 1988).
After pregnancy diagnosis by rectal palpation, fetal
loss has been estimated to occur in 7.3% of dairy cows in an
Australian study (Norton et al., 1989).

A higher abortion

rate was recorded in first lactation cows that was in part
attributed to the competing nutrient demands for body
growth, milk production and reproduction.

Conceptus losses

in cattle, based on delayed return to estrus, have been
reported to be higher following embryo transfer than Al.
Bowen et al. (1978) have stated that 20% of cattle recip
ients return to estrus at intervals of 25 to 33 days and 48
to 55 days post-transfer.

Jillella and Baker (1978) report

ed that 25% of conceptus loss in embryo transfer cattle
recipients occurred between day 45 and 90 of gestation.

8
Causes and Management of Impaired Reproductive Performance
Embryonic mortality may be the result of either mater
nal factors, embryonic factors or embryonic-maternal inter
actions.

Several factors have been identified as affecting

embryonic mortality and subsequently fertility.

Monitors of

reproductive performance include the postpartum interval,
services per pregnancy and the calving interval.
Genetic Abnormalities
Bishop (1964) hypothesized that a large part of embry
onic death in cattle is attributable to genetic causes.
However, in a more recent report Gayerie de Abreu et al.
(1984)

indicated that 6% of single-embryo recoveries from

heifers and 9% from cows had abnormal karyotypes at day 7.
This only accounts, however, for a small proportion of the
total embryo mortality in their study.

King et al. (1987)

noted that cytogenetic abnormalities affected »19% of 'poor
quality' 7-day bovine embryos recovered after hormone-in
duced superovulation.

Similarly, approximately one third of

total embryo mortality was reported to be caused by chromo
somal abnormalities in both the sheep (Long and Will-iams ,
1980) and pigs (Flint et al., 1982).
Climate
High average ambient temperatures and/or high humidity
have been shown to depress fertility in cattle.

It appears

that heat stress can affect both males and females.

It has

been proposed that the female is the major contributor to

the depression of fertility in dairy cattle under heat
stress conditions (Stott, 1961).

As an estimation of the

level of heat stress the temperature humidity index (THI)
(Kelly and Bond, 1971) combines two of the most important
and easily measured weather factors into a single numerical
component that can be more easily utilized in calculations.
Milk production and reproductive performance in dairy
cattle are depressed at average daily THI above 76 (Ingraham
et al., 1974).

The pregnancy rate in Holstein cows in hot

environments has been related to the THI showing that calv
ing rate declined from 65 to 10% as the average THI of the
second day prior to mating increased from a THI of 70 to 82.
Ingraham (1974) has predicted a 4.5% decline in pregnancy
rate for each unit increase in THI above the thermoneutral
range.
A problem encountered when using THI to measure heat
stress in cattle is that it does not take into account the
degree of acclimation after continued exposure.

However, a

close correlation exists between THI and rectal temperature
in cattle.

Using THI and rectal temperatures of 49 cows,

the percentage of cows with an average rectal temperature of
39.5°C increased from 30% at a THI of 76.6 to 85% at a THI
of 80.3 (Ingraham, personal communication).

He also stated

that pregnancy rates were depressed at a rectal temperature
below 38.3°C.

This was attributed in part to incorrect

diagnosis of estrus and mating cows at the incorrect time,
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as rectal temperatures are elevated above the normal range
in cows during estrus (Wrenn et al., 1958).
Heat stress in cattle is also frequently measured using
ambient temperature (AT) and rectal temperature (RT). Ther
mal stress after mating had disastrous effects on beef
heifers exposed to 32°C for 72 hours immediately after in
semination (Dunlap and Vincent, 1971).

It resulted in none

of the animals becoming pregnant compared with a 48% preg
nancy rate in heifers exposed to 21°C.

Others have suggest

ed that a negative relationship between pregnancy rate and
maximum air temperature exists on the day after insemination
(Gwazdauskas et al., 1981? Stevenson et al., 1983; Badinga
et al., 1985).
Astrand and Rodahl (1986) have shown that rectal tem
perature in the resting state is slightly higher than the
temperature of arterial blood but about .2 to .5°C lower
than that part of the brain where the thermoregulatory
center is located.

The temperature in the thermoregulatory

center rises more rapidly than RT during physical exertion
or exposure to heat.

However, rectal temperature change has

been reported to be directly correlated with that in the
brain (Astrand and Rodahl, 1986).

The RT gives a measure of

the efficiency with which the animal is able to cope with
its excess heat load.
The tympanic membrane temperature is a good indicator
of the actual brain temperature (Karn et al., 1980).

It was

obtained by these researchers by attaching a thermistor
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probe to the anterior end of a transmitter which is then in
serted into the ear canal adjacent to the tympanic membrane.
Guidry and McDowell (1966) reported that the tympanic memb
rane temperature was a more accurate and immediate indicat
ion of deep body temperature than RT due to its proximity to
the hypothalamus and its regulatory center.

A modern alter

native to accurate measurement of deep body temperature is
thermography.

Some of this instrumentation is capable of

detecting temperature changes in the body at increments of
1/1000°C (Riegel, 1987).
High summer temperatures above the thermoneutra1 zone
of cattle reduce pregnancy rates and presumably reduces
fertilization rate and increases embryonic loss (Stott,
1961; Ingraham et al., 1974; Ron et al., 1984).

Maiden

heifers have a greater environmenta1 temperature range
within which fertility is not impaired (Badinga et al.,
1985).

This is partially attributed to the lower metabolic

heat load and the higher surface to body weight ratio to
enable the loss of the excess heat load.
Putney et al. (1988a) have reported that fertilization
rates, in unfertilized and fertilized ova recovered from
superovulated cattle, were not reduced below 80% under
conditions of elevated temperature in Florida.

However,

Monty and Racowsky (1987) reported a higher incidence of
unfertilized ova in the hot season compared with that of the
cool season in Arizona.

Short-term exposure to thermal

stress during the period of rapid conceptus development and

12
maternal recognition of pregnancy reduces embryo development
and viability in the pig (Omtvedt et al., 1971), sheep (Dutt
and Jabara, 1976) and cattle (Biggers et al., 1987).
In addition to the direct effects of thermal stress on
gametes and embryos, it may also interfere with maternal
recognition of pregnancy through alterations in endocrine
secretions (Wettemann and Bazer, 1985).
(1987)

Hickey and Hansel

suggested that the bovine luteotrophic factor is a

lipid soluble substance.

When day-13 to day-18 conceptus

tissue was cultured in two different culture media, a lipid
soluble substance was isolated from the medium that stimul
ated progesterone production by luteal cells in vitro.

The

luteotrophic factor may be one in the same as the substance
subsequently identified as bTP-1 (Helmer et al., 1987).

The

production of the bTP-1 by the embryo may be more dependent
on the size rather than age of the embryo (Geisert et al.,
1988).

Embryo development was reduced by 50% when cattle

were exposed to an acute heat stress (33 to 37°C) between
days 8 and 16 of pregnancy compared with females which were
not exposed to the heat stress (Biggers et al., 1987).
Attempts to improve reproductive performance in dairy
cows under heat stress conditions have concentrated primar
ily on environmental control of ambient temperature.

Diff

erent cooling systems have been employed in an attempt to
reduce the impact of heat stress on dairy cows.

Buffington

et al. (1981) have used shade structures to prevent direct
solar radiation from reaching the animals but this had

13
little effect on ambient temperature and humidity under the
shaded area.

Thatcher et al. (1974) have reported that air

conditioning improved reproductive performance in cows ex
posed to heat stress.

Problems associated with this system

included dust filtration, high ammonia concentrations and
the cost of operation.

The most effective cooling systems

for lactating dairy cows under heat stress conditions incor
porate evaporative cooling (Ryan et al., 1988c).
Stress
The two primary forms of stress are short-acting acute
stress and long-acting chronic stress (Moberg, 1985).

There

is a defined pathway of response depending on the form of
stress imposed.

Thus, a short-term acute stress such as

handling may elicit a different endocrine response than a
chronic stress such as an extended period of heat stress.
Handling stress can increase serum cortisol concentrations
while extended stress (e.g. thermal) has been shown to
reduce serum cortisol concentrations in non-lactating Jersey
cows (Christison and Johnson, 1972).
Melatonin is an immunoregulatory agent in mammals that
is able to antagonize the immunosuppressive effects of acute
anxiety stress, as measured by antibody production (Pierpaoli and Meaestroni, 1987).

They concluded the secretion

and circadian variations of melatonin are regulated by en
vironmental variables such as daily and seasonal changes of
light and temperature.

The immunoregulative effect of mela

tonin is thought to be directed through the endogenous opi
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oid system after activation of T-cells by the specific ant
igen.
Pierpaoli and Maestroni (1987) further proposed that
the pineal gland acts as 'regulator of the regulators' by
translating external or internal stimuli with a resultant
adaptation that is regulated by neuroendocrine changes.
This system enables the animal to adjust and cope with
stressors by directing control to the most important body
functions such as cyclicity of gonadal function and opt
imal ization of reactivity to antigens and infectious agents.
Evidence which supports the role of melatonin includes
evening administration of propranolol (beta-adrenergic
blocker).

This blocked adrenergic-dependent melatonin syn

thesis in the pineal resulting in reduced antibody product
ion (Maestroni and Pierpaoli, 1981).

Administration of mel

atonin during primary immunization enhanced the secondary
response after the booster without further administration of
melatonin (Pierpaoli and Maestroni, 1987).

These workers

propose that melatonin is the primary developmental neuro
hormone whose cyclic release maintains an efficient immune
reactivity in situations where a reduction of immune per
formance occurs and also where a temporal functional and
allospecific block of immune reactivity allows development
of the embryo in pregnancy.
Nutrition and Body Condition
Cows that are losing body weight near the time of
breeding are less likely to become pregnant than those that

are gaining weight (Wiltbank et al., 1962; King, 1968; Sonderberger and Schurch, 1977; Youdan and King, 1977).

The

effects of short-term weight gains around the time of mating
on fertility remain unclear.

Moller and Shannon (1972) re

ported a correlation between weight gain in excess of 2% of
original body weight over the mating period and fertility.
However, Youdan and King (1977) found no evidence of a
similar correlation between weight gain over the mating per
iod and fertility.

Hill et al. (1970) noted a reduced fert

ilization rate and lower circulating plasma P4 levels in
heifers subjected to undernutrition.

However, no clear

effect of undernutrition was detected on embryo mortality
Spitzer et al. (1978) concluded that the reduced pregnancy
rate in beef heifers on restricted energy intake was not due
to fertilization but some other factors, presumably embryon
ic mortality.
The lactating dairy cow is in negative energy balance
during early lactation and this is a result of a deficiency
in dietary energy intake relative to that used for milk
production (Sejersen and Neimann-Sorensen, 1982).

Butler et

a l . (1981) have shown a direct relationship between energy
balance and the interval to first estrus in Holstein cows.
Positive results from flushing ewes suggests that by
improving the diet of ewes in poor condition for a period
prior to mating they rapidly improve body condition at the
time of mating.

Darroch et al. (1950) reported a 10% in

crease in lambs per ewe due to 14-day premating flushing and
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a 9% increase due to 42 days of flushing during mating.
Coop (1966) concluded that the response to flushing was
related to live-weight in the post-weaning preflushing per
iod.

The twinning rate response increased by 6% per 4.5 kg

weight difference in this study.
An improved ovarian response to gonadotropins following
flushing has been noted in cattle (Godke et al., 1989).

It

was proposed that the primary role of improved nutrition on
follicle development was one involving activation of the
follicular epithelial cells around the dormant oocytes of
the ovarian cortex.

When females were placed on a plane of

either high or low nutrition for 60 days prior to superov
ulation, the number of CL and follicles at the time of emb
ryo collection were greater in those females on the improved
plane of nutrition over those on the low plane of nutrition.
The events leading to follicular waves and ovulation
occur approximately 45 to 60 days earlier when oocytes are
activated by dietary energy and lipid metabolism (Godke et
al., 1989).

Two to three follicular waves are reported to

occur during the estrous cycle of the cow (Ireland and
Roche, 1983; Knopf et al., 1989).

Kappel et al. (1986)

noted a positive relationship between plasma cholesterol and
P4 in the postpartum period of the dairy cow.

This adds

further support to the hypothesis that nutrition plays a key
role in postpartum ovarian activity postpartum.
In an experiment that examined changes in lipid metabo
lism and functions of the CL, suckled cows were fed diets

with normal (2%) and elevated (8%) lipid content in the
early postpartum period (Williams, 1989).

The high lipid

diet increased total cholesterol and triglycerides levels in
these females.

When GnRH was administered to cows at 21 to

26 days post-calving, the P4 concentrat ions were higher
between days 5 and 8 of the induced cycle in females fed the
high lipid ration.

The life span of the induced CL was

almost twice as long in cows fed the high lipid ration (7.2
vs. 15.3 days).

These results provide evidence that lipids

are involved in the normal resumption of bovine ovarian
activity in the postpartum period.
Several studies have tried to relate fertility to blood
profiles of dairy cattle (Parker and Blowey, 1976; Rowlands
et al. 1977; Larson et al., 1980).

These researchers found

that serum copper (Cu) levels were unrelated to the number
of services to obtain a pregnancy and to the number of days
to the first service postpartum.

Using cows with low Cu

values, Reddy and Mahadvan (1977) reported that the addition
of copper sulfate to the diet improved fertility and was
associated with increased blood Cu concentrations when cows
had low Cu levels.

Ingraham et al. (1987) have recently

reported a synergistic effect of Cu and Mg supplementation
on fertility improvement that was not observed when either
Cu or Mg were supplemented alone in a dairy herd with a
history of low fertility.

Se and vitamin E injections were

shown to increase the percentage of fertilized ova recovered
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from superovulated beef cows given nutritionally adequate
rations (Segerson et al., 1977).
Follicular Activity
Follicular growth is controlled in cattle so that there
is a high frequency of single ovulations (>90%).

This is

evident from the low incidence of twins in cattle, ranging
from <1% (Fischer, 1959) to as high as 10% (Pfau, 1948).
During the estrous cycle follicles grow and either ov
ulate or undergo atresia.

Some studies showed evidence of

two waves (Rajakoski, 1960; Knopf et al., 1989) , while
others showed evidence of three waves during the bovine
estrous cycle (Fortune et al., 1988).

Knopf et al. (1989)

used ultrasound to show evidence that two follicular waves
was the norm in the bovine estrous cycle but that a minority
of females had three waves of follicular activity during the
estrous cycle.

These workers also reported that females

with two follicular waves had a shorter interovulatory in
terval than females with three follicular waves.
The first follicular wave is responsible for the small
peak in estradiol around day 6 of the bovine estrous cycle
(Glencross et al., 1973) .

Estrogen from this first follic

ular wave may enhance constriction of the oviduct and can
retard movement of the embryo into the uterus (Humphrey,
1976).

Conversely, P4 may accelerate the transport of emb

ryos into the uterus as Day and Polge (1968) have shown in
the pig.

Progesterone may therefore lead to asynchrony
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between the developmental stages of the embryo and uterus
and an increase in embryo mortality.
The endogenous surge of PGF2a resulting in luteal re
gression has been shown to be estrogen-dependent in cattle
(Jacobs et al., 1988).

The second follicular wave is be

lieved to be a source of estrogen that sets up the sequence
of events leading to PGF2a induced luteal regression.

This

was substantiated by electrocautery of mid-cycle bovine
ovarian follicles that resulted in an extended estrous cycle
in cattle (Hughes et al., 1987).

Macmillan and Thatcher

(1989) reported that GnRH causes a partial luteinization of
follicles and may reduce the possibility of estrogen init
iating luteolysis.

In a further experiment Macmillan and

Thatcher (1989) administered the GnRH analogue at 3 day in
tervals from 12 to 48 days post-estrus in cattle.

This

treatment increased the interestrous interval to an average
of 56 days and it was concluded that CL regression would not
occur in the presence of 'cloudy' or luteinized follicles.
Follicular activity may be reduced in gestation to re
duce the risk of estrogen dependent PGF2a production and
thereby luteal regression.

Casida et al. (1943) reported

that the size of ovarian follicles decreases as gestation
proceeds.

Recently, Guilbault et al. (1988) monitored

ovarian follicular activity in cows, using ultrasound,
between days 25 and 42 of pregnancy.

In those females where

embryonic death took place, the number of follicles >10 mm
and the diameter of larger follicles were similar on both
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ovaries, but follicular activity was reduced on the ovary
bearing the CL in the presence of a viable conceptus.
In a recent study, Ginther et al. (1989) monitored
follicular activity in pregnant heifers from day 0 to 70 of
gestation.

During six consecutive follicular waves the

interval from emergence of a wave to the emergence of the
next remained constant.

In both pregnant and nonpregnant

heifers the interval from emergence of a follicular wave to
regression of the previous dominant follicle and cessation
in growth of subordinate follicles was similar.

However,

the diameter of follicles did not decrease during the first
70 days of pregnancy in this study.
Superovulation
Superovulation regimes may not be a good tool to evalu
ate the stages of embryo mortality in cattle.
(1988)

Saacke et al.

compared superovulated and single ovulating females

with respect to fertility and accessory sperm following Al
with semen of the same quality.

The fertilization rate of

ova recovered was 83.8% in single ovulating females compared
with 64.5% in superovulated females.

In the superovulated

females only 10% of the fertilized embryos had accessory
sperm compared with 61% of embryos from singleovulating
females.

It was concluded that there may be either sub

threshold numbers of sperm available for fertilization, or
that ova are different with respect to penetrability or rate
of block to polyspermy.

Saacke (1989) also proposed that if

there are subthreshold levels of sperm at the site of fer
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tilization then abnormal sperm may gain access to the ovum
resulting in early embryo mortality. Furthermore, the number
of accessory sperm in unfertilized ova and degenerate or low
quality embryos from superovulated cows had fewer accessory
sperm than those in good to excellent quality embryos (Saa
cke et al., 1986).
Semen Quality. Time of Insemination and Sire Effect
The quality of semen used has an influence on both fer
tilization rate and embryonic mortality.

Kidder et al.

(1954) reported fertilization rates of 100% from bulls of
high fertility and 71.4% from bulls of low fertility.

The

authors concluded that embryonic losses, on the basis of the
difference between fertilization and non-return rates, were
identical (24.2%) in heifers mated using high and low fert
ility bulls.

Similar results for fertilization were re

ported by Bearden et al.

(1956) but embryonic losses, based

on difference between fertilization rates and actual slaugh
ter findings 33 days after service, were 10.5% for high
fertility bulls and 19.2% for low fertility bulls.

In a

study using FSH superovulated beef females, Schiewe et al.
(1983) mated donors with either high or low quality frozenthawed semen at either 12, 24 ,36 or 48 hours after the
onset of estrus.

The highest fertilization and transferable

embryo recovery rates resulted when two units of high quali
ty semen were inseminated once at 24 hours after the onset
of standing estrus.

In a subsequent study Schiewe et al.

(1985) used one unit of frozen-thawed semen 24 hours after

the onset of estrus and this again resulted in the highest
transferable embryo recovery rates.
The highest pregnancy rates after Al occur when cows
detected in estrus in the morning are inseminated the same
day and cows detected in estrus in the afternoon are insem
inated the following morning (Trimberger, 1948; Foote,
1979).

Abnormal fertilization, followed by early death of

the embryo results from delayed insemination in dairy cattle
(Broadway et al., 1974; Schiewe et al., 1983).
Ingraham (personal communication) has stated that
daughters of particular sires were more fertile than other
sires in a study of reproductive performance in multiparous
cows in the Southern United States (Louisiana).

The sire

group with the poorest fertility had 124 days open compared
with 96 days for the sire group with the best fertility.
There was also evidence of a season by sire-daughter group
interaction for days to a successful pregnancy.

These

results indicate the need to evaluate a sire for fertility
of his daughters within the environment he will be used.
Oviductal and Uterine environment
The bovine ovum is fertilized in the oviduct and the
embryo spends the first 3 to 4 days of development in the
oviduct (Moore, 1975).

Moore (1975) reported that 15% of

bovine embryos were in the uterus on day 3.

The importance

of synchrony between the stage of embryo development and the
uterine stage was identified by the early embryo transfer
studies.

The best pregnancy rates followed transfer of an
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embryo to a recipient female on the same day of the estrous
cycle (Rowson et al., 1972; Shea et al., 1976).

When day-3

bovine embryos were transferred to the uterus of recipient
females at day-3 of the estrous cycle, the pregnancy rate
was significantly lower compared with transfer of day-4
embryos to the same uterine stage even though the day-4
transfers were asynchronous (Newcomb and Rowson, 1975).
These results indicate that rapid displacement of embryos
from the oviduct to the uterus is detrimental to viability.
A portion of the early porcine embryo mortality has
been explained by the timing of ovulation (Pope et al.,
1988).

These workers used electrocautery of the later ov

ulating minority of follicles and caused elimination of the
1 to 2 and 3 to 5 mm spherical embryos at 280 hours after
electrocautery.

The authors hypothesized that larger emb

ryos advance the biochemical environment within the uterus
to such an extent that the less developed embryos no longer
survive.

Ford et al. (1982) have reported that morphologic

ally developed porcine embryos synthesized estrogen and in
duced sequestering of calcium, PGF2a and protein within the
uterus sooner than less developed embryos (Geisert et al.,
1982) .
Some studies have proposed that an early rise in P4
post-ovulation in cattle was detrimental to fertility while
other studies have noted that a more rapid increase in P4
favored fertility (Rosenburg et al., 1977; Bulman and Lam
ming, 1978).

Wilmut et a l . (1986) demonstrated that a

period of low P4 followed by a higher luteal phase of P4 was
essential in ovariectomized ewes for the establishment of
pregnancy.

The importance of P4 priming in ewes to the

establishment of pregnancy was demonstrated by Lawson and
Cahill (1983).

These workers treated ewes with P4 for 6

days post-estrus and then transferred day-10 embryos to the
day-6 uteri.

Pregnancy rates at day 25 in the P4-treated

ewes were similar to contemporary day-10 ewes receiving day10 embryos.

Day-10 embryos did not survive after asynchron

ous transfer to ewes.

The P4 treatment created a uterine

environment on day 6 of the estrous cycle which was accept
able to day-10 embryos.

This supports the hypothesis that

an early rise in P4 after ovulation in mated ewes increases
pregnancy rates.

Also in cattle, Hansel (1981) has reported

that plasma P4 concentrations were higher in pregnant than
in cyclic or inseminated nonpregnant females on days 10
through 18 after mating.
In models which describe the proposed mechanism of
luteolysis in sheep (McCracken et al., 1984) and cattle
(Thatcher et al., 1989) a dialogue is set up between foll
icles present on the ovary and oxytocin and estrogen recep
tors on the uterus.

It is proposed that estrogen from the

developing follicles results in the synthesis of oxytocin
receptors on the uterus.

Oxytocin primarily from the CL

then stimulates the secretion of prostaglandin from the
uterine cells.

Further evidence of this dialogue is gleaned

from the hormone profiles in short cycling cows.

Peter et
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al. (1989) showed that cows with short estrous cycles had
higher serum concentrations of oxytocin and PGF2a than
normal cycling females.
Heat Shock Proteins
Many factors can affect the ability of the embryo to
survive within the uterine and oviductal environment.

In a

study using mouse embryos (Goldstein, 1989, personal commun
ication) it was noted that the production of 68 and 70 kilodalton proteins corresponded closely to those developmental
times when environmental changes would occur.

These periods

were soon after fertilization when the mouse embryo moves
from the periovarian space to the oviduct and again at the
morula-blastocyst transition when the embryo moves into the
uterus.

Goldstein has concluded that these proteins are

synthesized to help the embryo adjust to environmental
changes.
The term 'heat shock' was given to these proteins as
they were first detected under elevated temperatures.

How

ever, the proteins are induced by a variety of other stress
es including ethanol, sodium arsenite, cadmium chloride and
hydrogen peroxide (Lindquist, 1986).

Under elevated temp

eratures bovine embryos were reported to produce heat shock
proteins (HSP) with molecular weights of 70,000 and 91,000
daltons (Putney et al., 1988b).

Ubiquitin is a small heat

shock protein which is heat inducible in both chickens and
yeast cultures (Lindquist, 1986).

It has been suggested

that these proteins provide protection from the toxic ef-
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fects of stress.

Ubiquitin is proposed to remove denatured

protein aggregates in heat-shocked cells through its prote
ase targeting activity while other HSP either prevent pro
teins from forming or disaggregate them after formation
(Lindquist et al., 1986).
The production of HSP by early murine and rabbit emb
ryos is apparently not inducible until they reach the morula
or blastocyst stage (Heikkila et al . , 1985a).

Agents that

induce the production of HSP may also induce thermotoler
ance.

Thermotolerance is commonly defined as an increase in

cellular resistance to hyperthermic treatments induced by
preceding heat exposure.

It is now believed that both low

and high temperature thermotolerance can be induced in
mammalian cells.
Roccheri et al. (1981) noted that the survival of heatshocked sea urchin embryos is correlated with their ability
to produce HSP.

Cleavage-stage embryos rapidly became ab

normal while blastulae underwent exogastrulation after a 20
minute heat shock (Heikkila et al., 1985a).

In further

studies with both rabbit and mouse embryos, HSP were not
evident after heat shock of cleavage stage embryos, but the
blastocyst stage did result in production of a 70 kilodalton
HSP.
Maternal Recognition
When a viable embryo is present in the uterus the
production of PGF2a in response to oxytocin or estrogen is
less than in open cows at a similar stage after estrus

(Thatcher et al., 1984; Lafrance and Goff, 1985).

A viable

day-15 bovine embryo (>15 mm in length) produces bTP-1
complex (Geisert et al., 1988) and this will extend the
estrous cycle by preventing luteal regression (Helmer et
a l ., 1989).

This was demonstrated by infusing bovine con

ceptus secretory proteins into the lumen of the uterus of
normal cycling cows from day 15 to day 21 of the estrous
cycle.

This resulted in an extension of the interestrous

interval compared with animals infused with bovine serum
albumin (Knickerbocker et al., 1986).
(1989)

Thatcher et al.

have suggested that treatment with bTP-1 may improve

fertility in cattle by extending the period for embryonic
signalling.

This form of treatment may also be beneficial

in short cycling animals.
The ovine homolog of bTP-1 is ovine trophoblast pro
tein-1 (oTP-1).

It will result in an extension of the es

trous cycle of ewes when infused into the uterus (Roberts et
a l ., 1990).

Both bTP-1 and oTP-1 have recently been related

to the alpha-interferon family (Farin et al., 1989; Imakawa
et a l., 1989).

When ewes were injected with recombinant

interferon alpha-1 both pregnancy rates and number of lambs
born were increased compared with non-treated ewes (SchalueFrancis et al., 1989; Nephew et al., 1990).
Further evidence of a stressor preventing maternal
recognition of pregnancy is the improved pregnancy rates
following an injection of a GnRH analogue either on day 11
through 13 or on day 12 after mating (Macmillan et al.,

1986; Ryan et al., 1988a).

Macmillan and Thatcher (1989)

administered the same GnRH analogue to nonlactating cows on
day 12 of the estrous cycle and it increased the number of
'cloudy' follicles present between days 12 and 20 of the es
trous cycle.

It was concluded that GnRH induced luteiniz-

ation or atresia of the follicles.

Ireland et al. (1983)

reported that the dominant active follicle on the ovary was
the major source of estrogen during the luteal phase of the
cycle.

Luteinization of this follicle would reduce the

estrogen-dependent production of PGF2ffi required for luteolysis (Jacobs et al., 1988).
Multiple Pregnancy
An increase in ovulation rate in cattle increases the
probability of a pregnancy (Gordon et al., 1962).

In a

study evaluating double ovulations in cattle, Von Vandeplasche et al. (1979) reported that the ovarian capacity for
double ovulations in nulliparous females was 77% of that in
parous cattle.

The capacity for twin pregnancy in heifers,

however, was only 27.6% of that in cows.

The natural incid

ence of multiple births in cattle ranges from near 0% (Fis
cher, 1959) to almost 10% (Pfau et al., 1948).

In a more

recent study, Ryan et al., (1988b) reported that the inci
dence of twins was 1% in primiparous dairy cows and 8% in
multiparous cows in Saudi Arabia.

In the latter study,

there was also evidence of a seasonal effect on the incid
ence of twins in multiparous females.

The frequency of

twins ranged from 13.8% in third parity females in the May-
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June period to 4.2% in similar females in the SeptemberOctober period.

The seasonal incidence of twins correspond-

ed to pregnancies in the cooler period immediately following
the hot summer months.
The initial studies on induced ovulations in cattle to
increase the frequency of multiple births incorporated the
use of low doses of pregnant mare serum gonadotropin (PMSG)
(Gordon et al., 1962).

The pregnancy rate to a single mat

ing was increased but the incidence of abortions, associated
with multiple conceptuses was also increased.

Therefore,

there is an increased risk of conceptus loss as the number
of conceptuses increase.
Additional problems associated with perinatal calf
viability and depressed postpartum reproductive performance
of cows with multiple births has resulted in only limited
appeal to the cattle industry.

In another study, Johansson

et al. (1974) noted that perinatal mortality was 4.3 times
higher for twins than for single born calves in the Swedish
breed cattle.

Gordon et al. (1962) proposed that the prob

lems associated with twins may be overcome by better feeding
of the female in the final trimester of pregnancy.

The

latter researchers also indicated that the duration of
multiple pregnancies approaches that of single pregnancies
when twin bearing cows are provided with an adequate plane
of nutrition.
When embryos are transferred to the contralateral horn
of cattle on day 7 of the cycle the probability of a preg

nancy is reduced compared with ipsilateral transfer (Sreenan, 1976).

It is proposed that this is related to the

ability of the embryo in the contralateral horn to trigger
maternal recognition of pregnancy and prevent luteal re
gression (Betteridge et al., 1976; Del Campo et al., 1983).
When the second embryo is transferred to the ipsilateral
horn or both embryos are transferred to the ipsilateral horn
on day 7 the probability of a pregnancy may be increased.
Rowson et al. (1971) have reported that the incidence of
abortions associated with unilateral twins is greater than
with bilateral twins and this has been attributed to over
crowding associated with unilateral transfers.

Therefore,

the pregnancy rate in cattle may be increased most success
fully by transfer of an embryo to each uterine horn.
Attempts to increase ovulation rates by immunization
against endogenous steroid and protein hormones have dealt
primarily with sheep (Boland et al., 1986; Morris et al.,
1988).

Boland et al. (1986) immunized merino ewes against

androstenedione to study its effects on ovulation, fertiliz
ation and early embryonic mortality.

Immunization increased

ovulation rate but decreased ova recovery rate at day 2
post-mating.

At day 13 post-mating a similar proportion of

ewes which were either immunized or not immunized against
androstenedione were pregnant.

The number of ovulations was

also increased in prepubertal lambs by immunization with
partially purified bovine inhibin (Morris et al., 1988).
These authors hypothesized that the increase in ovulation
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rate was attributed to the production of antibodies to the
inhibin preparation, that in turn altered the inhibin feed
back mechanism and thus gonadotrop in release.
Immunization of beef heifers against testosterone has
resulted in an increase in ovulation rate in one study
(Price et al., 1987) while no response was reported for
heifers in a further study (Morris et al., 1988).

Hanley et

al. (1988) reported that active immunization of heifers
against dehyroepiandrosterone increased the twin ovulation
rate to almost 30%.

In the latter study, the expression of

estrus and the interestrous intervals were normal length but
there were some females that did not ovulate.
The birth of the first calf after IVF was reported by
Brackett et al. (1982) after they succeeded in fertilizing
ovulated ova recovered from the cow.

This technology was

further developed by in vitro maturation and fertilization
of oocytes recovered from slaughterhouse ovaries (Lu et al.,
1987).

The twin pregnancy rate from IVF in a preliminary

study in Ireland was 73% (Lu et al., 1989).

The majority of

pregnancies from IVF in cattle to date have resulted from in
vivo culture of the fertilized ova in the oviduct of the
sheep.

This is not acceptable on a commercial scale and has

resulted in the use of in vitro culture systems (Wiemer et
al., 1987; Goto et al., 1988).
An alternative in vivo culture system that avoids the
associated problems of invasive surgery for in vivo incub
ation in the sheep, is the novel approach using the chicken
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embryo amnion developed by Blakewood et al. (1989).

This in

vivo maturation system has resulted in live births following
transfer of caprine embryos (Blakewood et al., 1990).
Pregnancy rates were increased in a hot climate by
transfer of viable day-7 embryos compared with control
females that were mated at natural estrus (Putney et al.,
1989).

If bovine embryos were cultured in the chicken

embryo for 7 days after IVF and then transferred to the
recipient cow, pregnancy rates may be increased.

The con

trolled culture temperature in the chicken embryo avoids the
detrimental effects of heat stress in the in vivo system.
Postpartum Interval (PPI)
Early studies have reported that a PPI beyond 90 days
results in higher pregnancy rates (David et al., 1971;
Whitmore et al., 1974; Britt, 1975).

The pregnancy rate to

first service is also increased by the previous number of
estrous cycles (Thatcher and Wilcox, 1973).

An early onset

to ovarian activity postpartum prepares a uterine environ
ment that is meniable to embryo development.

The onset of

postpartum ovarian activity in cows is influenced by body
condition, rate of uterine involution, season and milk
production (Peters, 1984).
When first lactation cows were administered GnRH at Al,
when the PPI was 40 to 60 days, pregnancy rates were in
creased by 14 to 16% above contemporary controls (Ryan et
al., 1988a, 1990b).

The improved pregnancy rates after GnRH

treatment may be explained by a reduced incidence of delayed

ovulation or a direct effect of the GnRH on the ovulation
process.

Espey (1980) proposed that luteinizing hormone

(LH) and prostaglandins were involved in the inflammatory
reaction leading to ovulation.

Ryan (1987) reported that

the administration of GnRH at Al resulted in a secondary LH
peak 2 hours after GnRH treatment and this may reduce the
incidence of delayed ovulation.

In in vitro culture studies

with rat granulosa cells (Takashi and Leunng, 1985), GnRH
stimulated the release of arachidonic acid, a precursor to
the prostaglandins, that are now believed to be involved in
the ovulatory process (Espey, 1980).
Lactation
Some studies report an adverse effect of high milk
yield in early lactation on fertility (Pelissier, 1972)
while others suggest that there is no evidence to suggest a
negative relationship between high milk yield and fertility
(Metz and Politier, 1970; Ayalon et al., 1971).

Laben et

a l . (1982) have reported that the highest producing dairy
herds in California had fewer days open than lower producing
cows.

In this study the difference, however, was attributed

to better estrus detection in the females.

In another

study, Fonseca et al. (1983) divided Jersey and Holstein fe
males into four milk production groups based on milk prod
uction in the first 70 days postpartum.

The results showed

that the level of milk production did not affect the rate of
estrus detection.

Ducker and Morant (1984) reported that

live weight change in dairy cows at the time of Al, and the
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level and change in milk yield and energy output, showed the
strongest relationship with days open to pregnancy.

Heifers

with the highest net energy outputs per day at Al had the
longest interval to pregnancy.
In summary, the various studies on early embryo and
conceptus mortality in cattle in temperate climates are in
general agreement on the stages of early embryonic death.
The stages of embryo mortality reported from heat stress
environments apparently differ from those reported in cool
climates.

However, these latter studies used superovulated

females and recent reports indicate that superovulation may
result in higher levels of unfertilized embryos and early
embryo mortality.
It is evident from the various studies reported that a
variety of potential causes of conceptus death exist and
disagreement between studies on the causes.

Management

systems for cattle vary considerably and therefore the total
complex of factors with their potential to affect reproduc
tive performance results in few solutions.
Identification of factors affecting the postpartum
interval and the stages of conceptus loss open the avenues
to minimizing their effects.

Developments in IVF and embryo

co-culture have opened up the possibilities of protecting
the embryo from an adverse environment at a critical stage
in development.

Furthermore, the identification of heat

shock proteins may facilitate embryo protection for animals
in an adverse environment.

CHAPTER II
THE EFFECTS OF ENVIRONMENTAL TEMPERATURES
ON PREGNANCY IN DAIRY CATTLE IN A HOT CLIMATE
Introduction
Fertility is reduced in dairy cows exposed to high tem
peratures and/or humidity (Stott, 1961; Ingraham, 1974;
Gwazdauskas et al., 1973; Cavestany et al., 1985).

Preg

nancy rate (PR; percentage of matings resulting in preg
nancy) in dairy cows has been correlated with the temper
ature humidity index (THI) (Ingraham et al., 1974, 1976).
It has been shown by the latter researchers, that as the THI
increased from 70 to 82 the PR decreased from above 60% to
10%.

The decrease in PR was indicated as being related to

increased rectal temperatures.

The mechanism(s) by which

summer temperatures above the thermoneutra1 zone of cattle
reduce pregnancy rate is not clearly understood.
It has been proposed to be a result of a reduced fert
ilization rate and increased embryonic loss (Ron et al.,
1984).

In an earlier study, Dutt (1964) found more non-

viable ova in ewes that were heat stressed before mating as
well as embryo loss from heat stress on the day after mat
ing.

Putney et al. (1988a) have reported that fertilization

rates of ova recovered from superovulated cattle in Florida
were not below 80% under conditions of elevated temperature.
However, Monty and Racowsky (1987) reported a higher incid
ence of unfertilized ova in the hot season compared with
that of the cool season in Arizona.
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Short-term exposure to
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thermal stress during the period of rapid conceptus develop
ment and maternal recognition of pregnancy reduces embryo
viability and development in the pig (Omtvedt et al., 1971),
sheep (Dutt and Jabara, 1976) and cattle (Biggers et al.,
1987).
A problem encountered when evaluating THI as a measure
of heat stress in cattle is that the degree of acclimation
after continued exposure is not taken into account.

How

ever, Ingraham (personal communication) has suggested that a
close correlation existed between THI and rectal temper
ature .

The percentage of cows with an average rectal temp

erature of 39.5°C increased from 30% at a THI of 76.6 to 85%
at a THI of 80.3.
Heat stress in cattle is also frequently measured using
ambient temperature (AT) and rectal temperature (RT).

Ther

mal stress after mating has been shown to have a marked
effect on beef heifers exposed to 32°C for 72 hours immed
iately after insemination (Dunlap and Vincent, 1971).

The

period of temperature stress resulted in none of the beef
heifers becoming pregnant compared with a 48% pregnancy rate
in heifers exposed to 21°C for 72 hours after insemination.
Other researchers have found a negative relationship between
pregnancy rate in dairy cattle and maximum air temperature
on the day after insemination (Gwazdauskas et al., 1981;
Stevenson et al., 1983; Badinga et al., 1985).
Astrand and Rodahl (1986) have reported that rectal
temperatures of humans in the resting state to be slightly

higher than the temperature of arterial blood.

This was

approximately .2 to .5°C lower than that part of the brain
where the thermoregulatory center is located.

The temper

ature at the tympanic membrane, which is in close proximity
to the thermoregulatory center, usually rises more rapidly
than RT during physical exertion or exposure to heat (Guidry
and McDowell, 1966) .

However, rectal temperature change

within the rectum is directly correlated with that in the
brain of the human (Astrand and Rodahl, 1986).

The RT gives

an indicator of the efficiency with which the animal is able
to cope with its excess heat load.
Guidry and McDowell (1966) reported that the tympanic
membrane temperature was a more accurate and immediate
indication of deep body temperature than RT in cattle due to
its proximity to the hypothalamus and its regulatory center.
Karn et al. (1980) described a method to measure the tym
panic membrane temperature.

It was obtained by these re

searchers by attaching a thermistor probe to the anterior
end of a transmitter that was then inserted into the ear
canal adjacent to the tympanic membrane.
High summer temperatures above the thermoneutral zone
of cattle reduce pregnancy rates and presumably reduces fer
tilization rate and increases embryonic loss (Scott, 1961;
Ingraham et al., 1974; Ron et al.,1984).

Maiden heifers can

tolerate a greater environmental temperature range before
fertility is impaired (Badinga et al., 1985) and this is
partially attributed to the lower metabolic heat load and
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the higher surface to body weight ratio in heifers that
enables the loss of the excess heat load.
Different cooling systems have been used in attempts to
reduce the impact of heat stress on dairy cows.

Buffington

et al. (1981) used shade structures to prevent direct solar
radiation from reaching the animals during the day.

How

ever, when this method was used there was little effect on
ambient temperature and humidity under the shaded area.
Efforts have been made to use air conditioning on dairy cows
to improve milk production and reproductive performance
(Thatcher et al., 1974).

This latter system had limited use

due to problems associated with dust filtration, high ammo
nia concentrations and cost of operation.

Evaporative

cooling reduces air temperature through the removal of heat
required to evaporate water.

The effectiveness of evap

orative cooling depends on the humidity of the air.

Evap

orative cooling has proved to be effective in improving milk
production and reproduct ive performance in hot, dry climates
(Flamenbaum et al., 1986; Igono et al., 1987; Her et al.,
1988).

However, in hot, humid climates evaporative cooling

has been shown to be less effective in improving milk pro
duction and reproductive performance in dairy cattle (Taylor
et al., 1986).
The primary objective of experiment I was to evaluate
the effect of the THI during the hot, dry summer months on
fertility and pregnancy rates in dairy cows using two cool
ing systems.

The second objective was to evaluate the
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effect of the two cooling systems on animal body temperat
ure.

The objective of experiment II was to compare body

temperatures in lactating with those of nonlactating fe
males.
Materials and Methods
Experiment I
A total of 150 Holstein cows (100 in first lactation
and 50 in second lactation) were paired on lactation number,
days postpartum (ranging from 13 to 47 days) and milk
weights from two consecutive days prior to start of the ex
periment .

One cow from each pair was randomly allotted to

either a commercially-available evaporative cooling system
(Korral Kool®:, Mesa, AZ) in Treatment A or a spray and fan
(SF) system in Treatment B.

The Korral Kool (KK) units were

spaced at 6-m intervals in openings made in the roof of an
open shade.
cooled.

One KK unit was allotted for each 15 cows to be

The KK unit features one large fan that drives dry

air (566 m3 per minute) down through the cooling unit (Table
1).

Vanes create a cyclonic motion in the descending air

stream while nozzles spray atomized water under high press
ure.

The operational stages were automatically controlled

by changes in wind, rain, time, temperature and difference
between wet and dry bulb temperature.

A curtain automatic

ally rolled down on the north side of the east-west aligned
structure to provide additional afternoon shade for the
animals.

The spray and fan system operated in an enclosed

40
building with slatted floors (Table 1).

Fans suspended from

the roof delivered approximately 330 m3 air per minute and
spray nozzles above the feeding area were spaced at 1.98 m
apart and delivered .9 liters of water per minute.

The

sprays and fans alternated in operation at 10-minute inter
vals from 0500 hours to 2000 hours during each day of the
trial.
Rectal temperatures were recorded 17 times at «8-day
intervals from a random sample of 15 cows per treatment be
tween 1400 and 1600 hours.

Temperature and humidity data

were collected using a hygrothermograph.

The estimate of

the mean temperature humidity index (THI) for each day was
the average of the maximum and minimum THI of the day.

The

THI was calculated using the following formula: THI = Td .5(1 - RH)(Td - 58), where Td = dry bulb temperature and RH
= relative humidity.

All subsequent references to THI are

reported as the average THI of the day.
Average THI were relegated to three weather classes,
those less than 78.5, those equal to or greater than 78.5
but less than 80.7 and those that were greater than 80.7.
The effects of greater or lower average THI for the 3 days
after Al on pregnancy rates in the different treatment
groups and within the different THI classes were examined.
Also, the effects of higher or lower THI on the second day
prior to and after mating on pregnancy rates were compared
for the two cooling treatments.
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TABLE 1.

SPECIFICATIONS FOR KORRAL KOOL (KK) AND
SPRAY AND FAN SYSTEMS (SF)

Korral Kool System
Air delivery = 566 m3 per minute
Fan motor = 2 horse power (HP)
Break horse power required by fan = 1.1 HP
Fan diameter = 1.2 m and main duct = 1.2 m
Operational stage
Water delivery
(liters per
minute)
Temperature drop
(°C)

1

2

3

4

5

6

1.34

1.77

2.00

2.76

3.36

4.54

5.32

7.05

7.94

10.90

13.30

17.70

Sorav Fan System
Fan motor = 1.5 Kilowatts
Fan diameter = .72 m
Spray nozzles = 1.98 m apart and 2.24 m above feed
face
Water delivery = .9 liters per minute

Females were observed for standing estrus for a period
of 20 minutes every 4 hours.

Tail-chalk (Painstik®: Lake

Chemical Co., Chicago, IL) was placed on the tailhead of
each female daily as an aid in detecting estrus.

Females

were artificially inseminated (Al) 12 hours after the onset
of standing estrus and pregnancy was diagnosed by rectal
palpation between 30 and 40 days after Al.

Cows were milked

three times daily in the same herringbone parlor and milk
yields were recorded at 13- to 15-day intervals.
Experiment II
Lactating Holstein cows (n=14) and nonlactating Hol
stein heifers (n=12) were used in this experiment.

The

lactating cows were housed under a Korral Kool system as
described in Experiment I and the nonlactating heifers were
housed under an open shade with no cooling system.

The lac

tating cows were milked three times daily (0400, 1200 and
2000 hours) in a herringbone parlor.

The cows and heifers

were fed forages and concentrates according to production
level at 0600, 0800, 1700 and 2200 hours.
Body temperatures for four cows and two heifers were
chosen to describe the typical pattern of body temperature
recorded.

Body temperatures of the cattle were monitored

continuously through sensors secured in the ear canal near
the tympanic membrane on either day 5, 6 or 7 of the estrous
cycle.

These days were chosen to compare lactating and non

lactating females during the luteal phase of the estrous
cycle.

The sensors were connected directly to a transmit
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ter, suspended from the left ear, using a hole previously
made for placement of the ear tag for identification.
Temperature signals were transmitted to receiving equipment
located adj acent to the corral.
The temperature sensors were 1 Megohm thermistors em
bodied in bullet shaped epoxy cylinders 2.5 mm in diameter
and 12 mm long, with cable leading out to the transmitter.
The transmitters were inserted into the ear canal to within
approximately 1 cm of the tympanic membrane.

The sensors

were kept in place in the ear canal by adding 2 ml of pros
thetic foam catalyst (Dow Corning, Midland, MI) to 30 ml of
prosthetic foam (Dow Corning, Midland, MI), which was then
mixed and placed in the ear canal using a 50 ml syringe.
Each animal was restrained from movement until the foam had
expanded to lodge the sensor in the ear («4 minutes).

The

transmitter was suspended from the pinna and held in place
using ear tag buttons and installation equipment.
The transmitter without the battery was 45 mm long, 19
mm wide and 8 mm diameter.

The transmitters operated in the

148 MHz to 176 MHz range with the frequency set at various
levels within this range to facilitate reception of multi
units in operation.
The transmitters sent pulse signals to a vertical Jtype omni-directional antenna mounted on the portable lab
oratory containing the receiving equipment.

The pulse sig

nal rate was dependent upon the temperature of the sensor.
Up to 20 transmitters, each on a separate frequency, could

be mounted on cows and simultaneously operated.

A desk top

computer (Apple®) in the laboratory sent a channel ident
ifying signal that selected the specific frequency to be
received at any given point in time.
switched to the identified frequency.

The receiver then
Data received by the

receiver then passed to the computer that measured the pulse
interval and generated the temperature in degrees centigrade
from an equation and recorded the data onto a floppy disk,
together with the time and transmitter number.

The scanning

rate was set to receive data from all active transmitters
every 10 minutes.

The probes were inserted in the ear of

each animal for a period of 6 to 7 days.
Rectal temperatures were also recorded AM and PM in
these animals and compared with tympanic membrane temper
atures recorded at the same time.

The tympanic membrane

temperature readings were consistently lower than the rectal
temperature values.

This was attributed to the initial cal

ibration of the sensors.

Tympanic membrane temperatures

were therefore adjusted using the rectal temperature values
to give an adjusted body temperature for each animal.
Statistical Analysis
The code for the incidence of pregnancy was kept at
binary values of 0 and 1.

Consequently, the Chi square

statistic was used to test the possible differences in preg
nancy between the two cooling systems within groups (Parker,
1976).

Relationships between THI and PR data were evaluated

by chi square and correlation procedures.
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The general linear models procedure used to describe
the effects of different factors on rectal temperature was
as follows:
Y fjkl

=

M

+

Tj

+

0j

+

°k

+

^ “ jk

+

S ijkt

where Y.jkl is the observed rectal temperature;

p

is the

overall mean; r. is the effect of the ith treatment; /Sj is
the effect of the jth parity;

ak

is the effect of the kth date

of recording; /3ajk is the interaction effect between parity
and date of recording and

jkl is the residual subplot

effects.
Results
Experiment I
Average daily temperature and humidity data for the
trial are presented in Table 2.

The hottest day had a max

imum temperature of 52°c with a relative humidity (RH) of
<5% and a minimum temperature of 31°C accompanied by a RH of
22%.

The coolest day had a maximum temperature of 43°C with

a RH of <5% and a minimum temperature of 18.5°C with a RH of
34%.

For most days the RH that accompanied the afternoon

high had to be calculated from the psychometric chart.
During the trial period 84% (62/75) of the cows under
the KK system in Treatment A were diagnosed pregnant and
this was greater (P < .05) than that of 60% (44/75) diag
nosed pregnant and this was greater (P < .05) than that of
60% (44/75) diagnosed pregnant in cows under the SF
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TABLE 2. AVERAGE MINIMUM, MAXIMUM AND DAILY VALUES (±SD)
FOR TEMPERATURE, TEMPERATURE HUMIDITY INDEX (THI) AND
RELATIVE HUMIDITIES DURING SUMMER MONTHS IN SAUDI ARABIA

Dailv averaae
Average
maximum

Daily
average

Item

Average
minimum

Temperature,°C

24.4 ± 3.3

46.6 ± 2.7

35.5 ± 2.2

THI

70 ± 3

88 ± 3

79 ± 3

< 5%

33 ± 9%

19 ± 5%

Relative humidity,%
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system in Treatment B.

Analysis of Al data for different

postpartum intervals shows that pregnancy rate from Al was
greater between 40 and 60 days (P < .05) and >121 days
postpartum (P < .06) for cows maintained under the KK system
when compared with similar cows maintained under the SF
system (Table 3).

At each service the PR tended to be

greater for the KK cows compared with that of the SF cows.
The difference in PR between Treatment A and Treatment B was
10.4, 9.6, 16.4 and 8.5% at the first, second, third and
>fourth services, respectively (Table 4).
The effect of daily changes in THI for both the second
day prior to and after AX on PR response was most evident
for the SF cows (Table 5).

If the second day prior to Al

had a lower THI than the day of Al the pregnancy rate was
greater (P < .05) compared with a higher THI on the second
day prior to Al for the SF cows.

The pregnancy rate in SF

group was 30% if the THI was less than the day of Al on the
second day prior to Al compared with 17.4% if the THI was
greater on the second day prior to Al compared with that of
the day of Al.

Also, if the second day after Al had a lower

THI than the day of Al the pregnancy rate was 31.1% for the
SF group and this was greater (P < .05) than 11.8% if the
THI on the second day after Al was greater than the THI on
day of Al.
If the THI on both the second day prior to and after Al
were less than the day of Al the pregnancy rate in cows in
both the KK and SF systems was greater (P < .05) when

48

TABLE 3. PREGNANCY RATES (DAYS 30-40) FOR EXPERIMENTAL
GROUPS Al AT VARIOUS POSTPARTUM INTERVALS
Treatment
group

40-60

Davs d o s toarturn
101-120
61-80
81-100

120+

Korral Kool system
41.6°
No. of animals
(15/36)

28.5a
32.2a
(12/42) (10/31)

28.0s
(7/25)

40.8C
(18/45)

Spray & fan system
No. of animals

24. 4a
(10/41)

20. 5a
(7/34)

22.9d
(14/61)

14. 2b
(4/28)

a,bMean values in the
scripts are different
c,dMean values in the
scripts are different

30. 0a
(9/30)

same column with different super
(P < .05).
same column with different super
(P < .06).
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TABLE 4.

PREGNANCY RATES (%) BY MEAN THI OF THE DAY
OF INSEMINATION AND SERVICE NUMBER

Mean THI of the dav of AIa
>80. 7
>78.5 and <80.7

<78 .5
Service
no.

KK

SF

KK

SF

KK

SF

1, no.
%

18
27.8

22
22.7

27
29.6

23
17.4

30
33.3

29
20.7

2, no.
%

20
45.0

12
33.3

15
33.3

19
26.3

17
41.2

21
33.3

> 2 , no.

31
32.2

41
21.9

3
33.3

2
50.0

9
44.4

11
18.2

%

aKK = Korral Kool system, SF = spray and fan system.

50

TABLE 5. PREGNANCY RATES (PR) WITH NUMBER OF SERVICES (NS)
AND DIFFERENCE (DIFF) IN PERCENTAGE FOR COWS THAT WERE Al
ON DAYS PRECEDED OR FOLLOWED BY DAYS WITH
HIGHER OR LOWER THI
KK°
THI
change

NS

I.
II.

B-2<B
B-2>B

III. B+2<B
IV. B+2>B

%
PR

Combined
%
%
PR
DIFF

NS

85 40.0
85 29.4

10.6

90 30.0
175
92 17.4 12.6° 177

34.9
23.2

11. 7C

77 41.6
92 29.3

12.3

183
106 31.1
68 11.8 19. 3C 160

35.5
21.9

13. 6C

103
53 37.7
39 7.7 30. 0C 97

41.7
19.6

21. lc

33.9
23.4

10. 5C

V. B-2<B>B+2 50 46.0
VI. B-2>B<B+2 58 27.6
VII. Avg<B
VIII. Avg>B

SFb
%
%
PR DIFF

%
DIFF

81 42.0
88 28.4

19. 4C
13.6

108 27.8
66 16.7 11.1

%
NS

189
154

°KK = values for cows in Korral Kool system.
bSF = values for cows in spray and fan system.
cMean differences with a superscript are significantly
different (P < .05).
For I and II the minimum THI of the second day before Al was
less than or greater than the average THI of the day of Al.
For III and IV the average THI of the second day after Al
was less than or greater than the average THI of the day of
Al.
For V and VI the conditions for either 1 and 3 or 2 and 4
were met before and after Al.
For VII and VIII the average THI of these days after Al was
less than or greater than the average THI of the day of Al.
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compared with a higher THI for both the second day prior to
and after the day of Al.

Finally, if the average THI of the

3 days after Al was greater than the THI on the day of Al
the pregnancy rate was 23.4% and this was less (P < .05)
than 33.9% if the average THI for the 3 days after Al was
less than the day of Al.
The effect of greater or lower THI after Al is also
evident within each of the three THI classes (Figure 1).
However, because of the smaller numbers of observations in
each of these groups the differences in pregnancy rate were
not significantly different.

There is a clear indication of

an overall downward trend in pregnancy rates as the THI is
increased (Figure 1).
There were significant effects (P < .01) of cooling
system and parity when compared with rectal temperatures.
There was no evidence of an interaction of cooling system
and parity on rectal temperature (P > .10).

The mean rectal

temperatures for multiparous cows were similar under both
cooling systems.

However, mean rectal temperatures of the

first lactation KK cows (39.0°C) were greater (P < .05) than
that of the first lactation SF cows (38.8°C)

(Figure 2).

Eleven percent of the rectal temperatures for KK cows and
4.3% for SF cows were above the normal bovine temperature of
39.4°C.

Rectal temperatures were not correlated (P > .05)

with average THI for either KK or SF cows.

6O-1

Average THI for 3 days after Al was less than THI on day of Al for KK cows
Average THI for 3 days after Al was greater than THI on day of Al for KK cows
Average THI for 3 days after A! was less than THI on day of Al for SF cows
Average THI for 3 days after Al was greater than THI on day of Al for SF cows

Pregnancy Rate (%)
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Figure 1. The effect of a higher or lower average temperature humidity index (T H I)
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Experiment II
On the 3 days that body temperatures were monitored ( 2 5
to 28 July) the maximum daily temperatures were 4 8 . 5 , 48 and
4 8 °c,

respectively.

The minimum daily temperatures on the

same dates were 2 9 , 32 and 2 8 °C, respectively.

The minimum

and maximum daily temperatures occurred each day at « 0 5 0 0
and at 1 4 0 0 hours, respectively.
The body temperatures of both heifers and cows ranged
between 38.2 and 39.7°C (Figures 3a & b and 4a-d).

In the

heifers the minimum body temperature (MINBT) occurred be
tween 0200 and 0600 hours and the maximum body temperature
(MAXBT) occurred between 1545 and 1630 hours (Figure 3a &
b).

The body temperature of the heifers remained relatively

constant in both the hot and cool periods of the day.
A different pattern of body temperature was evident
during the day in the cows compared with the heifers (Figure
4a-d).

This is partially attributed to the effect of udder

washing at the parlor prior to the time of milking (see
arrows in Figures 4a-d).

The body temperature of the cows

is reduced at the time of udder washing but is followed by a
rapid increase in body temperature.

This was usually asso

ciated with milking at 1200 hours.
Although the peak daily ambient temperatures occurred
at «1400 hours the maximum body temperatures of the animals
did not generally occur until 1600 to 1800 hours.

The

latter increase in body temperatures was associated with the
animals receiving the afternoon feed at 1700 hours.
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Figure 3a. Adjusted body temperature for heifer No. 306
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Discussion
Although both systems are dependent on evaporative
cooling, each of these systems use a different method for
removing the heat load of the cows.

Both cooling systems

were dependent on fans for increasing air movement over the
surface of the animals.

However, the KK system precooled

the air by evaporation before it reached the hair coat of
the cows.

The reduced air temperature allowed for efficient

heat transfer from the skin.

In the SF system the hair and

skin were dampened by spray while the fans increased the
rate of evaporation and consequent heat removal from the
skin.

The differences may seem trivial but the results

suggested that the cooling systems may stimulate different
physiological responses in the animals.
The upper limit of acclimatization for the average
dairy cow is proposed to be a THI of 75 (Ingraham, 1974;
Johnson et al., 1962).

At higher THI both fertility and

milk production have been shown to decline (Regan and Rich
ardson, 1938; Ingraham et al., 1974).

Since the body heat

was removed directly from the skin surface with the SF
system, it is difficult to estimate the effective environ
ment for this group.
Both cooling systems in this study appeared to control
rectal temperatures (RT) of the animals reasonably well.
Only 11.4% of the KK cows and 4.3% of the SF cows had a RT
of 39.4 °C or higher during the monitoring interval.

This

seems reasonable, as the RT were recorded during the hot
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afternoon.

These RT may, however, be a poor indicator of

the 24-hour heat load experienced by these cows.

The condi

tions under which the RT were recorded were somewhat differ
ent, which raised the question of whether the higher RT for
the KK cows was a true indicator of the RT under the KK
system.

The KK cows had to be moved into an open feeding

area where they were exposed to radiation from the sun for a
period of time while their RT were taken.

In contrast, the

SF cows were not moved from the SF housing during the time
the RT were recorded.
The body temperature data obtained from the telemetry
equipment indicates that the maximum body temperature of the
cows was not reached until 1700 to 1900 hours, when the cows
received their afternoon feed.

Ingraham (unpublished data)

has attached telemetry units to the ovary of dairy cattle to
monitor body temperature and noted that body temperatures in
these females increased rapidly after ingesting food.
Although the range in body temperatures of both heifers
and cows were similar there was evidence of greater fluc
tuation in body temperature of the cows.

It seems that the

body temperatures of the cows were maintained in the normal
range while they remained under the Korral Kool system but
changed rapidly when the cows left the cooled environment to
feed or to be milked.
The automated udder washing system appears to reduce
body temperatures of the cows below that recorded under the
KK environment (e.g 1200 hour milking).

However, there was
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an increase in body temperature ranging from .5 to 1.8°C
noted in this study immediately after milking.

The udder

washing may have reduced body temperature to allow resump
tion of metabolic functions with a consequent increase in
body temperature.
The reduction in body temperature in this study may be
beneficial to milk production but the effects of the acute
rise in body temperature on conceptus viability needs to be
evaluated.

Ryan et al. (1990d) reported that an acute rise

in in vitro temperature for bovine embryos was beneficial to
development when the embryos were subsequently cultured at
the in vivo body temperature of the dairy cow (38.6°C).

The

body temperature of the cows under the KK system in this
study were generally maintained below 39.4°C, which is
considered the upper level of the normal body temperature of
the dairy cow.

Long et al. (1969) reported that the preg

nancy rate in beef cows was 55% if the body temperature at
mating was <39.7°C but decreased to 24% if the body tempera
ture was >39.7°C.
Relative comfort of the cows may also have played a
part in the superior performance of the cows in the KK
group.

These cows laid on sand that was dampened in varying

degree by the cooling units while the cows in SF housing had
to lie on concrete slatted floors.

The latter may not have

been conducive to animal comfort.

It was common for KK cows

to lie down while SF cows tended to stand.

Usually 10% of
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the cows were observed to lie down in SF housing at 1200
hours compared with 80% under the KK system.
One primary difference in PR between KK and SF systems
was when first service fertility was compared.

The PR was

27.4% greater for the KK cows compared with the SF cows
(14.2%) for Al until 60 days postpartum.

This difference

was evident in each of the THI classes indicating that it
was not due to a large percentage of first service cows
being Al at higher THI when PR would be expected to be
higher under the KK cooling system.
In summary, in Experiment I rectal temperatures, weath
er data and pregnancy rates were obtained on 150 Holstein
cows managed under two cooling systems on a large dairy farm
in Saudi Arabia during the summer months of 1986.

Cows were

paired at the onset of the trial according to days post
partum, lactation number and current milk production.

The

animals were then allocated to either a system that cooled
by evaporative cooling or a system that enhanced heat loss
by evaporation (spray and fan).

During the trial period,

84% of the Korral Kool cows and 60% of the spray and fan
cows were diagnosed pregnant.

If the THI for the second day

prior to or after mating was greater than the day of mating
the pregnancy rate was lower than in cows mated with a lower
THI on the second day prior to or after mating.

Also, if

the average THI of the 3 days after mating was greater than
the day of mating the pregnancy rate was lower compared with
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cows mated and exposed to a lower average THI for the 3 days
after mating.
In Experiment II, tympanic membrane temperature was re
corded at 10-minute intervals for 6 or 7 days for two lactating and four nonlactating Holstein females.

There was no

evidence of a diurnal pattern in body temperature for either
cows or heifers.

Body temperature reached a peak later in

the afternoon than the maximum air temperature and was as
sociated with the time of feeding.

There was greater var

iation in the body temperature of cows compared with heif
ers.

This variation was associated with udder washing in

the collecting yard prior to milking and also with movement
away from the cooled environment to obtain food and water.

CHAPTER III
COMPARING EARLY EMBRYO MORTALITY IN
DAIRY COWS DURING HOT AND COOL
SEASONS OF THE YEAR
Introduction
The dairy industry in Saudi Arabia is faced with the
problems associated with impaired reproductive performance
under high environmental temperatures during the s umme r
period (April through September) and a seasonal demand for
milk products that peaks during the hot months of the year.
To satisfy this market the dairy industry aims for a peak
calving period from January to April.

This means that anim

als peak in milk production during the hot summer period.
To maintain the concentrated seasonal calving pattern preg
nancy rates to artificial insemination (Al) must be maxim
ized during the hot summer season.

It is important, there

fore, to identify to what extent embryo mortality contrib
utes to this recurring reduction in fertility for dairy
cattle living in this adverse environment.
Reproductive performance has been reported to be im
paired in cattle under heat stress conditions (Stott, 1961;
Ingraham et al., 1974).

Attempts to alleviate the associat

ed problems have included environmental control (Thatcher et
al., 1974; Ryan et al., 1988c), embryo transfer (Boland et
al., 1988; Putney et al., 1989) and recently heat shock
treatment of embryos (Ryan et al., 1990d).
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Using embryos
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harvested from superovulated cattle Monty and Racowsky
(1987) and Putney et al. (1988a) have reported that
most early embryo mortality in a heat stress environment
takes place prior to day 7 of gestation.

Also, Dutt (1964)

reported that embryonic mortality was increased by heat
stress both prior to and after mating in the ewe.
Cattle will return to estrus at a normal interval of 18
to 24 days if the embryo fails to prevent natural luteolysis.

How the bovine conceptus prevents luteolysis is not

completely clear.

The viable bovine embryo has recently

been shown to produce bovine trophoblast protein-1 (bTP-1)
from day 15 of gestation (Helmer et al., 1987).

Imakawa et

al. (1989) have recently identified bTP-1 as a member of the
alpha-interferon family.

Furthermore, the interestrous in

terval of nonpregnant cows was increased by injecting a re
combinant alpha interferon (Plante et al., 1988).

Some

early embryo mortality may be explained by failure of the
embryo to produce sufficient bTP-1 to prevent luteolysis.
The ability of the embryo to produce bTP-1 is dependent on
embryo size (Geisert et al., 1988).

Only embryos greater

than 15 mm in length at day 15 to 17 were found to produce
bTP-1.
Biggers et al. (1987) exposed beef cattle to either a
thermoneutral environment (22°C) or a heat stressing envir
onment (33 to 37°C) between days 8 and 16 of gestation.
Both luteal tissue wet weights and conceptus wet weights
were reduced in the cows exposed to heat stress.

A reduced
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ability of these embryos to produce bTP-1 may help explain
some of the early embryo mortality associated with heat
stress conditions.
An assessment of embryo viability has generally depend
ed on morphological criteria.

This is subjective and re

quires a high level of experience and skill.

A further

problem has been that farm animal embryos classified as
degenerate have resulted in pregnancies (Killeen et al.,
1971).

Diacetyl-fluorescine (FDA) has been used to assess

the viability of bovine embryos (Schilling et al., 1979).
However, FDA only measures basic cell enzyme function and
not developmental potential of the embryos (Mohr et al.,
1983).

The uptake of glucose by day-10 bovine embryos has

been correlated with subsequent development but glucose
uptake has not been identified for day-7 or day-8 bovine
embryos (Renard et al., 1978, 1980, 1982).
Hwang et al. (1988) have reported that arachidonic acid
was metabolized by bovine embryos primarily to prostaglandin
E2 (PGE2) prior to day 12, and to PGE2 and prostaglandin F2a
(PGF2a) on day 13 of the estrous cycle.

These workers sug

gest that this change in metabolism may be involved in the
luteotropic effect leading to maternal recognition.

Pratt

et al. (1977) reported that PGE2 had luteotropic properties
in cyclic ewes.

In the latter study luteal regression in

ewes was delayed by approximately 2 days after administra
tion of

p g e 2.
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The first objective of this experiment was to identify
the level of embryonic mortality that occurs and at what
stage of embryo development that this loss occurs in lactating dairy cattle in a hot dry climate (Saudi Arabia).

The

second objective was to compare post-*insemination embryo
mortality in dairy cattle in a hot dry climate with that in
the same herds during the cooler winter months.

The final

objective was to show evidence of a relationship between
phenotypic parameters of the cows and subsequent embryo
survival.
Materials and Methods
Experimental Environment
The experiment was replicated in both the cool and hot
seasons of the year.

The hot season study was carried out

on three farms (Al Kharj, Al Zaid and Todhia) during the
period extending from 28th May to 11th August 1988.

The

cool season study was carried out from the 15th December
1988 to 19th January 1989.

The peak number of lactating fe

males were «1,200, »1,200 and »1,600 on Al Kharj, Al Zaid
and Todhia dairy units, respectively.

The farms were lo

cated between 130 and 240 km from Riyadh, Saudi Arabia in
the region of the Tropic of Cancer.
The demand for milk and its major product, Laban, has
been seasonal in this region of Saudi Arabia.

Peak demand

usually occurs during the hot summer months when daily max
imum temperatures ranged from 44 to 53°C and daily minimum
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temperatures ranged from 24.5 to 35'C (Figure 5).

In the

cool season daily maximum temperatures ranged from 15 to
20°C and daily minimum temperatures ranged from -1 to 8°C
(Figure 6).

The main mating season began at the end of

March and the peak calving period occurred during the period
extending from January through April.

All cows were housed

either in a spray and fan or under a Korral Kool cooling
system as previously described by Ryan (1987).

Cows were

fed a total mixed ration of corn silage and concentrates to
achieve an average daily feed intake of 21 kg of dry matter
per cow per day.

Alfalfa was also grown under nearby pivot

irrigation systems and fed fresh to the cows.

All cows were

milked either three or four times daily through herringbone
or rotary parlors.
Experimental Design
Females were partitioned within farm and day of Al by
postpartum interval (PPI), current milk production (CMY) and
parity (LC).

Primiparous and multiparous females were

grouped separately and within these parity groups females
were then placed in subgroups of three based on similar PPI
and current milk production recorded within 14 days of the
time of Al.

Three treatments were allocated at random to

females within subgroups, partitioned as shown in Table 6.
The treatments were: Group I, non-surgical embryo collection
(NEC) at days 6 or 7 post-mating, Group II, NEC at days 13
or 14 post-mating and Group III a control group with no NEC.
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Days of the Trial
Figure 5. Maximum and minimum temperatures during the hot season
in Saudi Arabia in 1988.
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TABLE 6.

EXPERIMENTAL DESIGN FOR EMBRYO COLLECTION DURING THE HOT AND COOL SEASONS

Day of embryo collection
after mating
Season of
the year

Days 6-7
post-AI

Days 13-14
post-AI

Embryos not
collected
Al Control0
group

Hot summer months
Group I
Group II
Group III

+

—

—

—

+

—
+

“

Cool winter months
Group I
Group II
Group III

+
-

—

+

—
+

“Pregnancy was determined between 25 and 35 days post-AI via ultrasonography.

o\
vo

The cool season was restricted to 3 weeks for embryo
collection.

In order to maximize the number of females for

comparison the females were initially grouped on the day of
Al as described above.

However, during the second week

prior to embryo collection females were allocated at random
to either Group II or Group III.

In the first week period

immediately prior to and after the start of embryo collec
tions females were allocated at random on the day of Al to
one of the three treatment groups.

During the second week

of embryo collections females were allocated at random on
the day of Al to either Group I or Group III.

The results

of this allocation cause some disparity in the numbers of
females allocated to treatment groups in the cool season
(Group I = 78, Group II = 75 and Group III = 106, respec
tively) .
Experimental Animals
During the hot season 107 females were allocated for
NEC in both Group I and II.

The number of females collected

at these times were 93 females at days 6 or 7 and 97 females
at days 13 to 14.

During the cool season period 78 and 75

females were allocated for NEC in Group I and II, respec
tively .

In Group I and II, NEC were performed on 64 and 63

females, respectively (Table 7).

The difference in the num

ber of females that were allocated to NEC and the number
actually performed was accounted for by females that were
cystic or had no corpus luteum (CL) present at the time of
embryo collection.

In both the hot and cool seasons 106
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females were allocated to Group III.

NEC were performed in

all females by the same technician.
During the hot season 2 days per week were allotted to
each farm unit (on each of five different occasions) to
allocate females to treatments.

During the cool season NEC

were restricted to a 21-day period for managerial reasons.
Experimental Procedure
All experimental females were artificially inseminated
(Al) with frozen-thawed semen from Holstein bulls.

Any fe

male diagnosed as having cystic follicles, with the aid of
ultrasonography on the day of Al, was not allocated to
treatment groups.

At the time of Al the reproductive tract

of each female was examined by ultrasonography (LS-1000 with
a 5 MHz probe: Tokyo-Keiki, Japan) and the diameter of fol
licles >5 mm (NFOLAI) were measured and recorded.

Records

of labia score (LBS), rectal temperature (RT), respiration
rate (RSR), body weight (BW), body condition score (BCS),
uterus size (UTS), uterine tone (UT) and backfat (BF) were
also recorded for a sample of females at the time of Al.
The LBS was a subjective score ranging from 1 (where
the labia had a white pigmentation) to 5 (where the labia
had a dark red appearance).

The RT was recorded by placing

a thermometer in the rectum for a period of >1 minute.

The

RSP was measured by counting the number of respirations for
a 10-second period.

The BW of each female was calculated

using a Dalton weighband (Wexford, Ireland).

This was

strapped tightly around the girth of the animal and a body-

weight reading was taken using the calibrated markers on the
tape.

Each female was given a BCS using a technique descri

bed by the Ministry of Agriculture and Fisheries in England
(MAFF, 1984).

The BCS ranged from 0 (severely emaciated) to

5 (excessively fat).
each animal.

The UTS was measured subjectively in

A score ranging from 0 to 5 was given at the

time of rectal palpation, where 0 represented a uterus that
could be held in the hand and a score of 5 referred to a
uterus that extended deep beyond the pelvic brim where the
tip of the horns could not be palpated.
signed at the time of Al.

A UT was also as

The score ranged from 1 to 5 with

a higher score representing greater tone.

The BF was mea

sured using ultrasonography and the same 5 MHz probe.

The

probe was placed between the hook and pins next to the tailhead and the BF was measured using the calipers (mm) on the
viewing screen.
Using cow life records, cow age, LC, number of services
(NS), average service number (AVSN), PPI, calving date, Al
date, Al to estrus interval (AIE), projected 305 day milk
yield (PRY) and current milk yield (CMY) were obtained.

The

PPI was calculated for each female as the number of days
between the calving date and the date of Al.

The AVSN was

calculated as the PPI divided by the number of services
received postpartum.

The AIE was calculated by subtracting

either the previous day of insemination or estrus from the
treatment Al date.

Both the CMY and PRY of females were

recorded within 14 days from the time of Al.
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Embryo Collection
If a female was allocated for NEC and the cervix could
not be dilated to pass the uterine catheter, then this ani
mal was exchanged with the comparative female in Group III.
This exchange was completed on four occasions during this
study.
At the time of embryo collection, ovarian structures
were measured by ultrasonography with a 5 MHz probe.

The

number of follicles (NFOL) and CL (NCL) were recorded.

NEC

was performed in the uterine horn ipsilateral to the CL
using 240 to 300 ml of Dulbecco's phosphate-buffered saline
(Gibco, Grand Island, NY) with .2% bovine serum albumin
(Gibco, Grand Island, NY) as the flushing medium.

In situ

ations where one CL was present, and a day 13 or 14 embryo
was observed in the recovery medium, NEC was discontinued.
An 18 gauge Folley catheter with a 30 ml ribbed balloon
(Bardex®: C R. Bard, Inc., Murray Hill, NJ) was used for NEC
of all females.

The catheter was inserted into the horn

with the aid of a stilette and the balloon cuff was filled
with 5 to 10 ml of sterile water.

The flush medium was then

introduced to the horn (38°C) in aliquots of 30 to 60 ml.
The flush medium recovered was passed through a 70-/m screen
filter (EmCon®: Veterinary Concepts, Inc., Spring Valley,
WI) to harvest the embryos.

The flushing medium retained in

the filter after NEC was examined for an embryo(s) using a
Nikon inverted microscope.

74
Embryo Evaluation
The days 6 or 7 embryos were morphologically evaluated
and assigned an embryo quality grade based on a scale from l
to 4 prior to incubation using criteria similar to that pre
viously described by Lidner and Wright (1983).

Embryos were

classified as follows: grade 1 = excellent, grade 2 = good,
grade 3 = poor and grade 4 = degenerate.

The day-13 and

day-14 embryos were also assigned embryo viability scores.
An embryo was classified as potentially viable at this stage
if it had hatched from the zona pellucida and had elongated.
Embryo scores from 1 through 3 were classified as potential
ly viable.
Embryo Culture
The ova recovered were placed in a modular incubator
chamber (Billups-Rothering, Inc., del mar, CA) that main
tained an atmosphere of 90% nitrogen, 5% C02 and 5% 02.
Each embryo was placed in a vial containing .5 ml of B2 me
dium (API System S.A, Montalieu Vercieu, France).

The modu

lar incubator was then placed in a laboratory incubator at
37 °C for 8 hours.

Samples of the incubation medium was then

frozen at -20°C for subsequent determination of embryo pros
taglandin (PGE2) production to assess viability.
Prostaglandin Radioimmunoassay
PGE2 was determined in medium samples (300

fil)

the procedure previously described by Hwang (1985).

using
A

double antibody technique was used to separate unbound-
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antigen from bound antigen and to circumvent the problems
associated with charcoal stripping of the antigen bound to
the antibody.
Embryo Transfer, Pregnancy Diagnosis and Reproductive
Performance
After the incubation period viable-appearing embryos
were transferred back non-surgically to donor females using
an embryo transfer gun (IMV International, L'Aigle, France).
The control females in Group III were monitored for return
to estrus.

Pregnancy was diagnosed in those donors receiv

ing an embryo using ultrasound (with a 5 MHz probe) between
days 25 and 35 of gestation.

Pregnancy diagnosis was con

firmed on the detection of a fetal heartbeat. A fetal heart
beat at 25 to 35 days of gestation and therefore diagnosis
by this method was subsequently carried out from days 25 to
35 of gestation.
Data were also collected on the reproductive perform
ance of females following the summer trial.

When a non-

viable embryo or a unfertilized ovum (UFO) was recovered
from a female in either Groups I or II the female was then
administerd a 100 fig dose of a PGF2q analogue (Estrumate®:
Haver-Lockhart, Shawnee, KS).

The mating season was dis

continued from January through March in the cool season for
managerial reasons and therefore the reproductive perform
ance of females after embryo collection could not be as
sessed.
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Statistical Analysis
Chi square analysis (Parker, 1976) was used to detect
differences in embryo viability between early embryo stages
and the differences in pregnancy rates between the three
stages of embryo development.

Females diagnosed as having

either cystic follicles or having no functional luteal
tissue at the designated time of NEC were classified as not
pregnant and were included in the analysis for comparison of
pregnancy rates at different stages of gestation.

Multiple

regression analysis and correlation analysis (SAS, 1985)
were used to evaluate the effects of different variables
monitored on the probability of a viable embryo being pres
ent at either the time of collection or pregnancy diagnosis.
For this type of analysis one or more viable embryos at any
stage of gestation were designated as a pregnancy.
Results
During both the hot and cool seasons between 9 and 18%
of the females allocated for embryo collection at either
days 6 to 7 or days 13 to 14 after Al were not collected
(Table 7).

At the time of embryo collection these females

were either diagnosed as being cystic or did not have luteal
tissue identified by ultrasonography.

The percentage of fe

males with one or more embryos recovered per collection was
similar at both days 6 to 7 (51.6%) and days 13 to 14
(51.5%) in the hot summer months.

However, in the cool win-
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TABLE 7. SUMMARY OF EMBRYO COLLECTION DATA FROM DAIRY COWS
DURING THE HOT AND COOL SEASONS OF THE YEAR

Season of
the year
Hot summer months
Animals AI,no.
Animals not collected,no.8
%
Animals collected,no.
%
Animals with no ova/
embryos recovered,no.
%
Animals with ova/
embryos recovered,no.b
%
Cool winter months
Animals Al, no.
Animals not collected,no.8
%
Animals collected,no.
%
Animals with no ova/
embryos recovered,no.
%
Animals with ova/
embryos recovered,no®
%

Embrvo collection
Group II
Group I
days 13-14
days 6-7

107
14
13.1%
93
86.9%

107
10
9.3%
97
90.6%

45
48.4%

47
48.5%

48
51.6%

50
51.5%

78
14
17.9%
64
82.1%

75
12
16.0%
63
84.0%

30
46.9%

21
33.3%

34
53.1%

42
66.6%

aAt the time of embryo collection these females were
either diagnosed as having cystic follicles or did not have
a corpus luteum.
bMore than one ovum or embryo was recovered from some
females.
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ter months the embryo recovery rate at days 13 to 14 (66.6%)
tended to be greater than at days 6 to 7, (53.1%) but the
difference was not significant (Table 7).
Of the females with a successful collection procedure
in the hot summer season, 45.8% of females had at least one
viable embryo at days 6 to 7 and this was greater (P < .05)
than 24% in females at days 13 to 14 of gestation.

In the

cool season more females tended to have at least one viable
embryo at days 13 to 14 (52.3%) when compared with days 6 to
7 (41.2%), but again the difference was not significant.
The recovery of two ova per collection ranged from 6.2% of
females at days 6 to 7 in the hot season to 14.7% at days 13
to 14 in the cool season (Table 8).

In those females with

one ovum at collection in the hot summer months, 44% (20/45)
had a viable embryo at days 6 to 7 and this was significant
ly greater when compared with 24% (11/45) for females col
lected on days 13 to 14.

The proportion of nonviable ova in

single embryo collections were similar in both the hot and
cool seasons and tended to be lower for females at days 13
to 14 of gestation.
When embryos from both single and multiple recoveries
were combined in this study, embryo viability decreased
(P < .05) between days 6 and 14 of gestation in the hot sum
mer season but not during the cool winter season.

In the

hot summer season the viability of embryos recovered in
Group I was 59.5% (24/41) and this was greater than 27.1%
(13/48) for embryos recovered in Group II (Figure 7).
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TABLE 8. SUMMARY OF EMBRYO PARAMETERS DURING THE HOT
AND COOL SEASONS OF THE YEAR

Females with one ova/
embryo recovered
%
Females with one
viable embryo
%
Females with no ovum
or viable embryo
%
a. Females with a
single UFO
%
b. Females with a single
degenerat ing embryo
%

50

34

42

22
45.8%°

12
24.0%b

14
41. 2%a

22
52. 3%b

26
44.2%a

38
76.0%b

20
58.8%a

20
47.6%a

45
93.7%a

45
90.0%°

29
85.3%a

38
90.5%a

20
44.4%a

11
24.4%b

9
31.0%a

19
50.0%a

25
55.5%a

34
75.5%b

20
69.0%a

19
50.0%a

9
20.0%a

7
15.5%°

8
27.6%a

4
10.5%a

16
35. 5%a

27
60.0%b

12
41. 4%a

15
39.5%a

5
10.0%a

5
14.7%a

4
9.5%a

1
20.0%°

2
40.0%a

3
75.0%a

4

2
40.0%a

1
25.0%a

0
0.0%°

1
20. 0%a

0
0.0%a

0
0.0%B

0
0.0%a

0
0.0%°

0
0.0%a

1
20.0%a

0
0.0%a

Females with two ova/
embryos recovered
3
%
6.2%a
Females with two
viable embryos
2
66.6%fl
%
Females with no
viable embryos
1
%
33.3%a
Females with one of
two viable embryos
0
%
0.0%a
a .Females with one of two
UFO
0
%
0.0%°
b.Females with one of two
degenerating embryos
0
%
0.0%®

<N>
O
.
O
CO

48

a

Item
davs=
Females with ova/
embryos recovered
Females with at least
one viable embryo
%
Females with no
viable embryos
%

Season of the vear
Cool season
Hot season
GrouD I
Group II Grouo I Grouo II
6-7
6-7
13-14
13-14

8,bMeans within the same row and the same season with different superscripts are different (P < .05) •
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In the cool season the viability of embryos recovered
was similar in both Groups I (51.6%) and II (59.5%).

The

viability of embryos recovered from females in Group I was
58.5% (24/41) in the hot summer season and was not different
(P > .1) from 51.6% (16/31) for embryos recovered from fe
males in Group I in the cool winter season.

The viability

of embryos recovered from females in Group II during the hot
summer season was 27.1% (13/48) and this was less (P < .05)
than 59.5% (25/42) for embryos recovered from females in
Group II during the cool winter season.
Fertilization failure accounted for »20% of recoveries
in both the hot and cool seasons in Group I, and for 12.7%
and 8.7% of recoveries in Group II in the hot and cool sea
sons, respectively (Figure 7).
In the hot season the pregnancy rate for females in
Group III was 20.8% (22/106), which was less (P < .05) than
35.5% (22/62) for females in Group I, but not less than 24%
(12/59) for females in Group II (Table 9).

In the cool

winter season the pregnancy rate for females in Group III
was 35.8% (38/106) and this was not significantly different
from 29.2% (14/48) and 37% (20/54) for females in Group I
and II, respectively.

At day 25 to 35 of gestation the

pregnancy rate in females in Group III was 20.7% (22/106) in
the hot summer season and this was less (P < .05) than 35.8%
(38/106) for females during the cool winter season.
In the multiple regression analysis of viability for
the hot summer season (Appendix 1) the principal factor

100

/77 ? i Hot season

Percentage

181B Cool season

Hot Cool
Days 6-7

Hot Cool
Days 13-14

% Unfertilized Ova
at Collection

Hot Cool
Days 6-7

Hot Cool
Days 13-14

% Viable Embryos
at Collection

Hot Cool
Control Al

Pregnancy
Rate

Figure 7. The percentage of unfertilized ova and viable embryos at collection and cows
diagnosed pregnant 25 to 35 days after Al during the hot months (June-July) and the cool months
(December-January) in Saudi Arabia.
a,b Means with different superscripts within hot and cool groups are different (P < .05).
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TABLE 9. PREGNANCY RATES FOR LACTATING FEMALES AT DIFFERENT
STAGES OF GESTATION IN THE HOT AND COOL SEASONS

Season
of the
year
Hot summer months
Females/group,no
Pregnant,no.
%
Cool winter months
Females/group,no
Pregnant,no.
%

Staae of aestation
Days 6 to 7

Days 13 to 14

Days 25 to 35

62c
22
35. 5a

59c
12
20.3a

106
22
20.7a

48c
14
29.2a

54c
20
37.0b

106
38
35.8b

Clncludes females that were not collected since they were
either diagnosed as having cystic follicles or did not have
detectable luteal tissue at the time of collection.
a,bMeans in the same column with different superscripts are
different (P < .05).

affecting embryo viability was the stage of embryo develop
ment.

The probability of a viable embryo was greater in

females in Group I when compared with subsequent periods of
gestation.

The parameter estimate for this variable was

.28, which means that 28% more cows would be predicted to
have a viable embryo at either days 6 or 7 when compared
with subsequent stages of embryo development.

The number of

CL present also gave some evidence of a positive effect on
embryo viability

(P < .08).

this variable was .11.

The parameter estimate for

However, both Chi square analysis

and Pearson correlation coefficients (Appendix 3) showed no
evidence of either an effect of the NCL present on pregnancy
rate or that there was a relationship between NCL and preg
nancy status, respectively, during the hot season.
In the cool season multiple regression model (Appendix
2) there was no evidence of a stage of gestation effect on
the probability of a female having a viable embryo.

The

dominant factor affecting the probability of a viable embryo
was the number of CL present.

The parameter estimate for

this variable was .25, which means that the estimated in
crease in viability was 25% for a unit increase in the
number of CL present.
The mean (±SE) PPI and NS for females Al during the hot
season were 110 ± 4.07 days and 2.27 ± .08 services, res
pectively.

These means were less (P < .05) than the cor

responding figures of 178.7 ± 6.04 days and 3.74 ± .13
services for females Al during the cool season.

However,
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there was no evidence (P > .10) of a correlation for embryo
viability with either NS or PPI in both the hot and cool
seasons (Appendix 3).

Also, neither SN nor PPI were signif

icant (P > .10) in the regression analysis for embryo
viability in the hot and cool seasons (Appendices 1 and 2).
After monitoring ovarian activity at Al, 40.2% (104/259) of females had > two follicles in the hot season and
this was less (P < .05) than 64.4% (78/121) for females
examined at Al during the cool season.

Of those females

with £two follicles at Al and forming at least one CL when
re-examined at either days 6 to 7 or days 13 to 14, 37.9%
(33/87) and 29.2% (19/65) of females formed >two CL in the
hot and cool seasons, respectively.
The incidence of multiple CL was 19.3% (45/233) in
females examined during the cool season and this was not
different from 23.4% (60/256) in females examined during the
hot season (Table 10).

Most of the females with multiple CL

had two CL (96%) compared with three CL in 4% of females ex
amined .

During the hot season, 55.5% (15/27) of the embryos

recovered from females in Group I with one CL were viable
compared with 64.2% (9/14) in females with multiple CL.

In

the hot season, 25.7 (9/35) and 30.8% (4/13) of embryos re
covered from females in Group II with one and two CL, re
spectively, were considered viable.

In the cool season,

47.4 (9/19) and 58.3% (7/12) of embryos recovered from
females in Group I with one and two CL, respectively, that
were classified as viable.

Females in Group II had
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TABLE 10. THE FREQUENCY OF OVA/EMBRYOS AND PREGNANCY
ASSOCIATED WITH DIFFERENT NUMBERS OF CL IN FEMALES

Season
of
year

Collection
Viable
CLb/ No. O f
donor females (%) UFO Embryos Embryos (%)

Hot summer
season
Group8
I
1
2
3

67
24
2

(72.0%)
(25.8%)
(2.2%)

7
2
1

27
13
1

1
2
3

78
19
0

(80.4%)
(19.6%)
(0.0%)

6
1
0

35
13
0

1
2
3
Cool winter
season
Group
I
1
2
3

51
14
1

(77.3%)
(21.2%)
(1.5%)

—

—

—

—

-

-

-

-

50
14
0

(78.1%)
(21.9%)
(0.0%)

8
0

1
2
3

53
10
0

(84.1%)
(15.9%)
(0.0%)

1
2
3
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20
1

(80.2%)
(18.9%)
(.9%)

II

III

II

III

—

4
0

19
12
—

28
14

15 (55.5%)
8 (61.0%)
1 (100.0%)
9
4
0

9
7

(25.7%)
(30.8%)
—

(47.4%)
(58.3%)

—

—

12
5
0

-

—

—

14
11

PRC

(50.0%)
(78.6%)
—

—

—

—

—

-

-

-

•

mm

**

—

—

30
8
0

aGroup I = embryo collection at days 6 or 7, Group II =
embryo collection at days 13 or 14, Group III = No embryo
collection and pregnancy was diagnosed by ultrasound
between days 25 and 35 of gestation.
bCL = Number of corpora lutea per female on the ovaries by
ultrasonography.
CPR = Females diagnosed pregnant in Group III.
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corresponding means of 50% (14/28) and 78.6% (11/14) for
viable embryos with donors that had one and two CL, respec
tively (Table 10).
In the hot season, 51.5% (98/190) of females had suc
cessful recoveries after NEC and this was not significantly
different (P > .10) from a 59.8% (76/127) for females with
embryo collections in the cool season.

The recovery rate

per CL present was 54.0% (134/248) for females with one CL
(n=248), which was greater (P < .05) than 41.3% (57/138) for
females with more than one CL (n=69).

However, the viab

ility of embryos recovered from females with one CL was
43.1% (47/109) and this tended to be less (P < .10) than
58.5% (31/53) for females with more than one CL at the time
of collection.
after NEC.

Seventeen females had two embryo recoveries

In all of these cases the females were diagnosed

to have two CL using ultrasonography prior to collection.
The mean interval to estrus in females after NEC in
Groups I and II was 27.3 ± 1.8 and 28.6 ± 1.9 days, respect
ively, in the hot season and was less (P < .05) than 38.2 ±
3.1 days for females in Group III.

The mean interval to

pregnancy among females that returned to estrus after the
treatment Al was similar across treatments with a mean in
terval of 59.4 ± 4.8, 59.5 ± 4.8 and 59.9 ± 4.0 days for
females in Group I, II and III, respectively (Table 11).
The mean interval to pregnancy for females in Group III was
49 ± 4.0 days and this was less (P < .05) than 59.4 ± 4.8
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TABLE 11. MEAN (±SE) INTERVALS FOR RETURN TO ESTRUS
AND TO PREGNANCY (DAYS) IN EACH TREATMENT GROUP
IN THE HOT SEASON

Grout)0
Item

I

II

III

Females AI,no.
Females that returned
to estrus,no.
%
Mean interval,days

93

97

106

88
94.6%
27. 3C
±1.8

91
93.5%
28.7C
±1.9

72
67.9%
38.2d
±3.1

66
75.0%
59. 4C
±4.8

62
68.1%
59. 5C
±4.8

61
84.7%
59.9d
±4.0

66
71.0%
59.4C
±4.8

62
63.9%
59.5C
±4.8

83
78.3%
49. ld
±4.0

27
29.0%c,d

35
36. l%d

23
21.7%c

Females pregnant to Al
post treatment A l ,no.
%
Mean interval,days
Females pregnant to Al
including treatment
AI,no.
%
Mean interval,days
Reproduct ive
failures,no.D
%

“Group I = embryo collection at days 6 to 7 days post Al,
Group II = embryo collection at days 13 to 14 post Al and
Group III = no embryo collection.
bFemales either culled, sold, dead or found to be not
pregnant 7 months after the 75-day trial period.
c,dMeans in the same row with different superscripts are
different (P < .05).
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and 59.5 ± 4.8 days for females in Group I and II, respect
ively.
Seven months after the 75-day trial

period in

thehot

season, 67.3% (128/190) of females that had a NEC were preg
nant, and this was less (P < 0.05) than a pregnancy rate of
78.3% (83/106) for females in Group III.

However, the dif

ference in pregnancy rate was attributed to females in Group
II.

The incidence of reproductive failures was 36.1%

(35/97) in Group II and was greater (P < .05) than 21.7%
(23/106) for females in Group III (Table

11).

In the correlation analysis (Appendix 3) the only
animal attributes correlated with viability are BW, BCS and
RSP in the hot season and the NCL in the cool season.

Both

an increase in BW (P = .07) and BCS (P = .08) of the females
were positively correlated with viability in the hot season.
An increase in RSP during the hot summer season was neg
atively correlated with embryo viability in this study.

As

NCL increased in the cool season, there was an associated
increase in the probability (P < .01) of a viable embryo.
No measurable quantities of PGE2 were detectable in
samples of incubation medium from individual embryo cultures
of either day-6 to -7 or day-13 to -14 embryos.
Twenty embryos recovered from females in Group I and 12
embryos recovered from females in Group II during the hot
season were transferred back to the donor females after 8
hours in culture.

Two females in Group I were diagnosed
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pregnant at 25 to 35 days of gestation but one of these
animals subsequently returned to estrus.
In the cool season, 14 embryos recovered in Group I and
11 embryos recovered from females in Group II were trans
ferred back to the donor females after the 8-hour culture
period.

Two donor females that received an embryo after a

NEC in Group I were diagnosed pregnant between days 25 and
35 of gestation.

No donor females in Group II that received

an embryo after NEC were subsequently diagnosed pregnant
between 25 and 35 days of gestation.
Discussion
Embryo mortality during the first 7 days of gestation
was similar in both the hot and cool seasons.

However, be

tween days 6 and 14 of gestation there was a significant
reduction in viability of embryos recovered during the hot
season compared with those collected during the cool season.
In contrast, Monty and Racowsky (1987) and Putney et al.
(1988a) have shown that most embryo mortality in dairy
cattle in a hot climate occurred prior to day 7 of ges
tation.

This was based on embryo recoveries from super

ovulated cattle at day 7 following mating.

In these cases,

superovulation may have imposed an additional stress on the
animals with a consequent impact on the stage of embryo
mortality.
Superovulation treatments may alter the normal endo
crine profile causing premature ovulations (Callesen et al..
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1986, 1987), abnormal follicular steroidgenisis (Fortune and
Hansel, 1985) and an early resumption of meiosis of oocytes
(Moor et al., 1985).

In addition, superovulation treatments

are associated with a high level of cytogenetically-detectable abnormalities in the embryos (Gayerie de Abreu et al.,
1984; King, 1985).
Saacke et al. (1988) compared ova viability and access
ory sperm numbers in the ova of superovulated and single ov
ulating cattle.

The fertilization rate of ova recovered was

83.3% and 64.5% in single ovulating and superovulated fe
males, respectively.

Only 10% of the embryos recovered from

superovulated females had accessory sperm compared with 61%
of embryos from single-ovulating females.

It was concluded

that in superovulated females, there may be subthreshold
numbers of sperm available for fertilization, or that ova
could be different with respect to penetrabi1ity or possibly
even the rate of block to polyspermy.

The author also pro

posed that if there were subthreshold levels of sperm at the
site of fertilization, then abnormal sperm may gain access
to the ovum resulting in early embryo mortality.
The stages of embryo mortality reported in this hot
climate may not be primarily attributable to heat stress per
se but rather the comfort of the animals.

Although the

daily maximum ambient temperatures ranged between 44 and
53°C in the hot season compared with 15 to 20°C in the cool
season (Figure 1, 2), the cows were not directly exposed to
these temperatures and were housed under either a Korral

Kool or spray and fan evaporative cooling systems.

Under

the Korral Kool system pregnancy rates after Al at 40 to 60
days postpartum have been shown to be greater when compared
with those of the spray and fan system (Ryan et al., 1988c).
These workers attributed part of this difference to the im
proved resting conditions under the Korral Kool system.

In

the early post-partum period these females have to adjust to
the added heat load of lactation and the metabolic problems
associated with insufficient energy intake to meet the de
mands of maintenance and lactation.

Ryan (unpublished data)

reported that pregnancy rates to Al between 42 and 90 days
postpartum were lower in females that had either a clinical
problem diagnosed or failed to form a CL prior to 40 days
postpartum.

The management systems employed in this hot

climate may alter the stage at which the early embryonic
mortality takes place.
In the cool season most of the early embryo death
resulted prior to day 7 of gestation.

In contrast, Diskin

and Sreenan (1980) and Roche et al. (1981) have proposed
that in a temperate climate most embryo mortality in beef
cattle took place between days 8 and 18 of gestation.

In

the latter studies the stages of embryo mortality were
studied in nonlactating females.

This may explain the

difference in the stage of embryonic loss.
The rates of fertilization failure reported in the
present experiment were similar to those for dairy cattle
under heat stress conditions reported by Putney et al.
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(1988a).

These workers found that fertilization rates were

not reduced below 80% under conditions of elevated temperat
ure.

The lower incidence of UFO among recoveries at days 13

to 14 may be explained by breakdown of the UFO prior to NEC
at days 13 to 14.
The significant increase in embryo mortality between
days 6 and 14 of gestation in the hot season is in agreement
with that reported by Diskin and Sreenan (1980) and Roche et
al. (1981) for a temperate climate who reported that most
embryo mortality occurred between days 8 and 18 of gest
ation.

The increase in embryo mortality between days 6 and

14 during the summer months in the present study may be ex
plained by increased metabolism of the embryo at an elevated
uterine temperature prior to hatching.
The rectal temperature of cows at Al in this study was
38.980C in the hot season compared with 38.34°C during the
cool season.

In a further study in this laboratory (Ryan et

al., 1990d) day 6 embryos were cultured on oviductal cells
at 400C to mimic a chronic stress in an in vivo system and
the embryos hatched earlier than comparative controls cul
tured at 38.6°C.

However, significantly fewer embryos cul

tured at 40°C were viable at 60 hours after the onset of
culture as a result of embryonic death after hatching (Ryan
et al., 1990d).
The pregnancy rate at days 13 and 14 was similar to
that between days 25 and 35 in both the hot and cool seas
ons.

These results imply that failure to prevent luteol-
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ysis, by embryonic signalling, may not be a contributing
factor to embryonic mortality.

Boyd et al. (1969) also

reported that embryo survival did not differ between dairy
cows slaughtered at 12 to 16 days after mating compared with
that of cows slaughtered at 25 to 26 days after mating.

The

bovine embryo can produce bTP-1 starting around day 15 of
pregnancy and this may prevent luteolysis resulting in an
extension of the luteal function (Geisert et al., 1988;
Plante et al., 1988).
The pregnancy rate between days 25 and 35 was lower
than expected during the cool season in the present study.
This may be partially explained by the longer PPI and great
er NS in females available for use during the cool season.
However, there was no evidence of an effect of PPI or NS on
the probability of a viable embryo being present in the hot
or cool seasons.
The frequency of multiple follicles at Al was greater
in the cool season than in the hot season and the proportion
of follicles that formed CL tended to be greater in the hot
season.

Ryan et al. (1990b) reported that pregnancy rates

were increased by 14.7% in cows receiving GnRH at the time
of Al and inseminated between days 40 and 59 postpartum.

It

was hypothesized that the increase in pregnancy rate may be
partially attributable to the luteinization of unovulated
follicles.
The incidence of two or more ovulations was higher than
expected for Holstein cows but is in agreement with the high
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incidence of twins reported for Holstein cows in Saudi
Arabia (Ryan et al., 1988b).

Scanlon et al. (1974) have

reported that the incidence of twin ovulations was 2.5% for
beef heifers and 3.3% for dairy cows in a temperate climate.
The frequency of multiple ovulations was similar in
both the hot and cool seasons in the present study.

Under

stressful conditions, one would expect an animal to shut
down its reproductive system until a more satisfactory en
vironment arose.

The kangaroo, for example, maintains its

embryo in a state of uterine diapause under the conditions
of lactation stress that is associated with a young kangaroo
in the pouch (Dawson, 1977).

The increase in multiple ov

ulations may result from a lack of dominance by a single
follicle in the preovulatory follicular wave.

Also, the

presence of two growing follicles may be required to produce
a sufficient estrogen surge and the onset of estrus prior to
the preovulatory LH surge.
Gordon et al. (1962) have reported higher pregnancy
rates to a single mating in cattle after administering low
doses of gonadotrop ins increasing the number of multiple ov
ulations.

In contrast, Kidder et al. (1954) reported a det

rimental effect of multiple ovulations occurring naturally
in Holstein-Friesian cattle.

The pregnancy rate was 28.6%

in the presence of multiple ovulations compared with 57.5%
in the presence of a single ovulation.

Also, Reynolds et

al. (1975) reported that all cows with more than six ov
ulations had degenerating embryos present at «50 days of
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gestation.

In this experiment the probability of a viable

embryo being present was increased by the presence of more
than one CL compared with a single CL during the cool sea
son, but this was not evident in the hot season.
There may be an effect of by-pass protein on ovulation
rate.

Nottle et al. (1988) reported that the ovulation rate

in sheep was increased by 37% when the level of by-pass pro
tein in the diet was increased.

However, these workers did

report that the number of fetuses did not increase.

The

level of by-pass protein fed in the diet to lactating cows
in Saudi Arabia is approximately 43% of protein fed and may
partially explain the high incidence of double ovulations
reported.
In the present study, the embryo recovery rate per CL
was reduced by an increase in the number of CL present.
When ewes were immunized against androstenedione, the
ovulation rate was increased but the embryo recovery rate 2
days after mating was decreased (Boland et al., 1986).

The

reduced recovery rate by an increased number of CL may be
related to failure of the fimbriae to catch the ova at the
time of ovulation.

Looney (personal communication) admin

istered gonadotropins to 147 beef donor cattle to increase
the ovulation rate.

On day 2 after mating the ova were

recovered surgically from the oviducts.

The mean number of

CL and ova per donor was 20.6 and 13.6, respectively, re
sulting in a 66% recovery of potential ova.

The recovery

rate per CL present in this experiment was lower than ex

pected and was similar to the 44% recovery rate reported by
Gordon et al. (1987) for similar females superovulated with
gonadotropins.
The number of days open to pregnancy was increased by
almost 10 days after embryo collection.

However, the mean

interval to pregnancy was similar for females in all treat
ment groups that did not become pregnant during the trial
period.

The mean interval to estrus was reduced by 10 days

after NEC.

This may be explained by the administration of

PGF2a in females to induce luteolysis with a non-viable
embryo after collection.
The pregnancy rate after transfer of viable embryos
back to donor cows was very low.

The lower than expected

pregnancy rate may be explained by an altered uterine en
vironment created by manipulation of the uterine horns for
NEC and the presence of small amounts of flush medium in the
reproductive tract after collection.

The best pregnancy

rates after embryo transfer are associated with transfers at
day 7 but acceptable pregnancy rates with transfer up to day
16 after estrus have been reported (Betteridge et al.,
1976).
No PGE2 production by day-6 to day-7 embryos or day-13
to day-14 embryos was detectable in the samples of culture
medium (n = 154).

Each embryo was cultured individually to

assess its viability and the concentration of PGE2 present
may have been beyond the detection limit of the assay.
Hwang et al. (1988) reported that the fewest number of day-6
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and day-17 bovine embryos to detect arachidonic acid metab
olites was seven and three embryos, respectively.
The incidence of natural multiple ovulations reported
for dairy cattle in this study is higher than that previous
ly reported (Scanlon et al., 1974).

It may be related to

the level of bypass protein in the diet and warrants further
study.

In the present study embryonic death prior to day 7

was similar in both the hot and cool seasons.

During the

hot season, embryonic death markedly increased between day 7
and day 14 of pregnancy.

There may be potential to reduce

embryonic death at this stage of development by heat shock
treatment of embryos prior to transfer to recipients.

Heat

shock has been shown to be beneficial to in vitro develop
ment of morula stage cattle embryos (Ryan et al., 1990d).
Alternatively, it may be possible to bypass this stage of
embryonic death by the transfer of day-14 to day-16 embryos.
Betteridge et al. (1976) reported that acceptable pregnancy
rates could be achieved following transfer of day-16 bovine
embryos in cattle.

Recent developments in bovine in vitro

fertilization (IVF) (Lu et al., 1987) and co-culture proced
ures (Blakewood et al., 1989; Wiemer, 1990) may enable IVF
embryos to develop in vitro to the 14-day stage of develop
ment for subsequent transfer to recipient females.

CHAPTER IV
CONCEPTUS LOSS IN DAIRY COWS AFTER 40 DAYS OF GESTATION
Introduction
Early embryonic death accounts for most of the reprod
uctive wastage that takes place in cattle.

Most early emb

ryonic loss is reported to take place between days 8 and 18
of gestation in temperate climates (Sreenan et al., 1980;
Roche et al., 1981) and prior to day 7 of gestation in
cattle within tropical climates (Monty and Rajakowski, 1987;
Putney et al., 1988a).

Recently, Ryan et al. (1990c) repor

ted that embryonic death between days 7 and 14 of gestation
in dairy cattle accounted for a major part of reproductive
wastage in a hot dry climate.
In addition, conceptus wastage between day 14 and day
25 to 35 of gestation was not significantly different for
similar dairy cows in either the hot or cool seasons.

Fur

thermore , Ball (1978) has shown that later-stage conceptus
loss («10%) occurred around day 35 of gestation in dairy
cattle.

It should be noted that this has been proposed as

the time of initial conceptus attachment in cattle (Metton
et al., 1951).
In a hot climate, such as Saudi Arabia, where pregnancy
rates may only be 21% at day 25 to 35 of gestation in the
hot season (Ryan et al., 1990c) conceptus loss at later
stages of gestation would alter the normal calving pattern.
This results in a shift of the supply of milk to the market
98

99
at a time (cool season) when demand for milk products is
reduced.

If the stages and levels of this conceptus loss

were identified it would help in the preparation of accurate
milk supply forecasts.
Conceptus loss has been reported previously for cows
beyond the time of pregnancy diagnosis by ultrasound between
30 and 35 days of gestation (Guilbault et al., 1988) and
rectal palpation at 35 to 40 days of gestation (Fosgate and
Smith, 1954; Hawk et al., 1955? Norton et al., 1989a).
Norton et al. (1989a) reported that conceptus loss occurred
in 7.3% of dairy cows after pregnancy diagnosis.

A higher

abortion rate was recorded in first lactation cows that was,
in part, attributed to the competing nutrient demands for
body growth, milk production and reproduction.

Fosgate and

Smith (1954) diagnosed pregnancy in 690 cows between 34 and
50 days of gestation and then reexamined each cow at monthly
intervals until parturition.
conceptus loss was 6.38%.

They reported that the total

The variation in conceptus loss

between months was not different across months of pregnancy.
Reduced ovarian follicular activity, infectious agents
and embryo transfer have been implicated as causes of con
ceptus loss beyond 35 days of gestation.

Guilbault et al.

(1988) transferred embryos on day 7 of the estrous cycle and
reported that the number of larger size follicles were re
duced on the ovary that did not have a corpus luteum where
embryonic death occurred.

It was suggested that follicles

had an important role in the maintenance of pregnancy.
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Bowen et al. (1978) have stated that 20% of embryo recipient
cattle returned to estrus at intervals of 25 to 35 days and
48 to 55 days post-transfer.

In a study of infectious

agents causing abortion, Norton et al. (1989b) could not
make a diagnosis in 69% of the abortions where pathology and
microbiology of the fetuses were performed.
A high incidence of multiple pregnancies has been
associated with an increased abortion rate in cattle (Gordon
et al., 1962).

The incidence of multiple births in dairy

cattle is considered to be low, which ranges in studies from
0 to 10% (Pfau et al., 1954; Bowman and Hendy, 1970; Kay,
1978; Ryan et al., 1988b).

Ryan et al. (1988b) have noted a

seasonal effect on the incidence of twins with the highest
incidence of twins in dairy cattle during the hot summer
months in Saudi Arabia.

The gestation length has been shown

to be reduced by 2 to 10 days in cows having multiple births
(Cady and Van Vleck, 1978; Diskin and Sreenan, 1985; Ryan,
1987) and may also be reduced in dairy cattle under heat
stress conditions (Collier et al., 1982).

A high incidence

of twins has also been associated with a four times higher
incidence of neonatal calf mortality compared with that for
single births (Cady and Van Vleck, 1978).
The primary objective of this study was to evaluate the
incidence of conceptus loss after 40 days of pregnancy in
dairy cattle maintained under different environmental con
ditions.

The second objective was to identify factors

affecting the interval to estrus or abortion after a pos-
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itive pregnancy diagnosis.

The third objective was to

identify factors affecting the gestation length of the
females maintained in a hot and a cool environment.

The

final objective was to identify if there was a seasonal
effect on the type of birth produced.
Materials and Methods
Records were collected on 2,874 lactating Holstein
females diagnosed pregnant on three dairy farms in Saudi
Arabia between the 1st October 1986 and the 30th September
1987.

The peak numbers of lactating females on the three

Masstock farms (Al Kharj, Al Zaid and Todhia) were 1,200,
1,200 and 1,600, respectively.

The dairy units were located

between 130 and 250 km from Riyadh, Saudi Arabia near the
Tropic of Cancer.

During the hot summer months the cows

were cooled using one of two different evaporative cooling
systems as previously described by Ryan (1987) .

The cows

were milked three times daily using herringbone parlors.
Pregnancy diagnosis was performed by four veterinarians
by rectal palpation «40 days after mating.

The mean (±SE)

interval from mating (day of mating = day 0) to the time of
pregnancy diagnosis was 38.13 ± .002 days.

A female was

diagnosed pregnant after palpation of the conceptus and/or
the conceptus membranes.
Life records on each female diagnosed pregnant were
used to obtain information on her location, lactation (L),
previous calving date (date 1), date of mating (date 2),

sire, type of service [artificial insemination (Al) or
natural service (NS)], number of services, date of pregnancy
diagnosis (date 3), veterinarian performing the diagnosis,
date of diagnosis of conceptus loss subsequent to a positive
pregnancy diagnosis (date 4), date of parturition if the
gestation length was >250 days, sex of the calves [male (M)
or female (F)] and type of birth [single (S) or multiple
birth (MB)].

These data were then used in developing the

following variables for each female.
val = date 2 - date 1.

The postpartum inter

The age of the conceptus (AGE) at

the time of pregnancy diagnosis = date 3 - date 1.

The in

terval from mating to diagnosis of conceptus loss in females
previously diagnosed pregnant (RI) = date 4 - date 2, the
gestation length (GSL) = date 5 - date 2 and the calving in
terval (Cl) = date 5 - date 1.
A conceptus loss was recorded if an animal, which was
diagnosed pregnant, expelled a fetus or fetal membranes, or
exhibited signs of estrus and was subsequently diagnosed
nonpregnant.

A seasonal effect on conceptus loss, interval

to conceptus loss or return to estrus (RI) and the GSL was
examined by dividing the year into a cool season (October
through April) and a hot season (May through September).

If

the GSL was less than 250 days then the GSL was set equal to
RI.

Any conceptus expelled prior to day 250 of gestation

was classified as an abortion in this study.
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Statistical Analysis
The effects of different factors on GSL and RI were
measured using analysis of covariance (SAS, 1985).

The

model used to describe the effects of different factors on
GSL was as follows:
Y ijknmprl

= » + * { + P } + <*k + &m + %

where Y1
-jkinnprl

+ Op +

+ BX +

S jjklmprl

is the 1th observation in the rth dairy unit in

the pth season from the cow that received the nth type of
mating in the mth number of mating during the kth lactation
and carrying the ith calf sex resulting in the jth type of
birth.

BX is the covariate used to adjust for the effect of

postpartum interval.
A similar model was used to describe the effects of
different factors on RI.

This model did not include the sex

and type of birth but did include age of the conceptus at
the time of pregnancy diagnosis.

Additional Chi square

analysis were used to determine the interdependence between
season and the stage of conceptus loss and season and the
incidence of twins.

A Student's t-test was used to test

differences in PPI associated with either a single or multi
ple birth.
Results
Conceptus loss was diagnosed in 475 of 2,874 pregnant
females subsequent to a confirmed pregnancy diagnosis and
prior to parturition for an overall conceptus loss rate of
16.5%.

There was evidence of a hot and cool season effect
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on conceptus loss in this study.

The incidence of conceptus

loss in these dairy females was 19.9% (247/1240) after mat
ing in the hot summer season and this was greater (P < .05)
than 13.9% (228/1634) in the cool winter season (Figure 8).
The incidence of conceptus loss was similar at 40 to 80 days
of gestation in cows mated in both the hot and cool seasons.
However, greater (P < .05) conceptus loss occurred at 81 to
120 days and 121 to 250 days in the hot compared with that
of the cool seasons.
There was evidence (P < .05) that greater overall con
ceptus loss resulted at 40 to 80 days of gestation compared
with subsequent stages of gestation.

Also, overall concep

tus loss was greater (P < .05) at both 40 to 80 and 81 to
120 days of gestation compared with 121 to 250 days of ges
tation.

Conceptus loss occurred in 8.8% of females between

40 and 80 days of gestation compared with 4.2 and 3.3% of
females diagnosed with conceptus loss at 81 to 120 and at
121 to 250 days of gestation, respectively (Table 12).

The

stage of conceptus loss was similar for females mated in
both the hot and cool seasons.

Greater (P < .05) conceptus

loss occurred at 40 to 80 days of gestation compared with
that of subsequent stages of gestation after mating in both
the hot and cool months.

Also, greater (P < .05) conceptus

loss occurred at 81 to 120 days of gestation compared with
that of 121 to 250 days of gestation after mating in the
cool season.
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TABLE 12.

THE EFFECT OF SEASON ON THE STAGE OF DIAGNOSIS
OF CONCEPTUS LOSS IN DAIRY CATTLE AFTER
40 DAYS OF GESTATION

Season of
mating
Hot season
No. of cows
%
Cool season
No. of cows
Total
%

Sample No.
(animals)

Staae of diaanosis of conceDtus loss
81-120
121-250
40-80
days
days
days

1240

121
9.8%a

68
5.5%b

58
4.7%b,c

1634

132
8. l%a

60
3.7%b

36
2.2%c

2874

253
8.8%°

128
4.4%b

94
3.3%c%

a,b,cMeans in the same row with different superscripts are
different (P < .05).

Days

Diagnosis of Conceptus Loss
Figure 8. The effect of the season of mating on the stage
of conceptus loss in dairy cows £40 days of gestation.
a,b Means within the same hot and cool group with different
superscripts are different (P < .05).
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The mean (± SE) interval from mating to diagnosis of
conceptus loss in these females was 91.1 ± 2.2 days.

There

was no evidence of an effect of the lactation number of the
female, the number of services, the type of service, the
veterinarian performing the pregnancy diagnosis, the post
partum interval and the age of the conceptus at the time of
pregnancy diagnosis on the interval from mating to diagnosis
of conceptus loss (Appendix 4).

However, there was evidence

of an effect of the month and season of mating and the dairy
unit on the RI.
The mean RI was longer (P < .05) in the hot season
(94.4 ± 3.0 days) compared with that of the cool season
(86.6 ± 2.9 days).

However, there may not be a true season

al difference in RI, since there was an interaction on the
RI for 'months' across the seasons (Table 13).

The RI

ranged from 67.2 ± 7.7 days in females mated in January and
105.9 ± 8.0 days for females mated in May.

The RI was less

(P < .05) in January compared with that of March (103.8 ±
8.0), May (105.9 ± 8.0), July (96.4 ± 7.1) and August (100.3
± 6.8).

The RI in May was 105.9 ± 8.0 days and this was

longer

(P < .05) than the RI in January (67.2 ± 7.7), Sep

tember(80.7 ± 6.2), October(81.6 ±

6.4) and November (67.7

± 7.2).

The RI was 100.3 ± 6.8 days in August and this was

longer

(P < .05) than the RI of 80.7 ± 6.2 days in September

and 67.7 ± 7.2 days in November.

Todhia dairy unit had a

longer (P < .05) RI compared with that of the AZ
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TABLE 13. THE EFFECT OF THE MONTH AND SEASON OF MATING ON
THE INTERVAL FROM MATING TO DIAGNOSIS OF CONCEPTUS LOSS
IN DAIRY CATTLE AFTER 40 DAYS OF GESTATION
Month of
mating
Hot summer months
May
June
July
August
September
Cool winter months
October
November
December
January
February
March
April

No. of
females

Interval to diaanosis of loss
Days
±SD
±SE

45
68
55
45
44
257

105.9
89.2
96.4
100.3
80.7
Mean = 94.4°

53.87
47.71
53.17
45.94
41.32
48.82

8.03
5.79
7.17
6.85
6.23
3.04

28
18
20
25
20
46
71
228

81.6
67.7
89.1
67.2
83.9
103.8
89.2
Mean = 86.6b

34.04
30.49
43.77
38.59
36.16
54.27
46.76
45.04

6.43
7.19
9.79
7.72
8.08
8.00
5.55
2.98

a,bMeans in the same column with different superscripts are
different (P < .05).

109
and AK dairy units.

Both of the AZ and AK dairies did have

a similar RI in this study.
The mean gestation length for 2,274 births was 279.1 ±
.14 days.

In the analysis of covariance for factors affect

ing the GSL there was no evidence (P > .10) of an effect
dairy, lactation, number of services, type of service, post
partum interval and interactions of these variables on the
GSL.

However, there was evidence (P < .05) of an effect of

the sex of the calf, the type of birth and the season of
birth on the GSL (Appendices 6 and 7).
The mean GSL was 279.7 ± .8 days for single births and
this was greater (P < .05) than 273.1 ± 2.7 days for multip
le births (Table 14).

The mean GSL for all births in the

hot summer season was 278.3 ± .2 days and this was less
(P < .05) than 279.5 ± .1 days in the cool winter season
(Table 15).
The sex of the calf also had a significant effect on
the GSL.

Females that gave birth to a male calf had a mean

GSL of 280.1 ± .2 days and this was greater (P < .05) than
279.2 ± .2 days for cows giving birth to a female calf.

The

ratio of males to females at birth (51.4:48.6) was not diff
erent (P > .10) from the expected 50:50 ratio (Table 16).
There was no evidence of an interaction between the sex of
the calf and the type of birth with either dairy unit or
season of birth (Appendices 6 and 7).
The mean postpartum interval for 2,101 gestations was
119 ± 1.6 days.

The mean postpartum interval in females

110

TABLE 14.

THE EFFECT OF THE TYPE OF BIRTH ON THE GESTATION
LENGTH IN DAIRY CATTLE IN SAUDI ARABIA

Type of
birth
Single birth
%
Multiple birth
%

No. of
animals

Gestation length
(days)

2004
91.1%

279.7 ± .86b

195
8.9%

273.1 ± 2.75°

a,bMeans in the same column with different superscripts are
different (P < .05) .

TABLE 15. THE EFFECT OF THE SEASON OF BIRTH ON THE
GESTATION PERIOD IN DAIRY CATTLE IN SAUDI ARABIA
Season of
yearc

No. of
animals

Gestation length
(days)

Hot summer season
%

766
34.8%

278.3 ± .22a

Cool winter season
%

1433
65.2%

279.5 ± .16b

a,bMeans in the same column with different superscripts are
different (P < .05).
cHot season = May through September; Cool season = October
through April.
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TABLE 16. THE EFFECT OF THE SEX OF THE CALF BORN
ON THE GESTATION LENGTH IN DAIRY CATTLE IN SAUDI ARABIA
Gestation length
(days)

Sex of calf

No. of
animals

Male,no.
%

1031
51.4%

280.1s
± .20

Female,no.
%

973
48.6%

279.2b
± .19

a'bMeans in the same column with different superscripts are
different (P < .01).

TABLE 17. THE EFFECT OF THE SEASON OF BIRTH ON THE TYPE OF
BIRTH IN DAIRY CATTLE IN SAUDI ARABIA
Type of
birth
Single,no.
%
Multiple,no
%

Cool season

Season of birthc
Hot season

1351s
90.8%

699b
87.3%

136s
9.2%

102b
12.7%

a,bMeans in the same row with different superscripts are
different (P < .01).
cHot season = May through September; Cool season = October
through April.
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giving birth to a single calf (n = 1,909) was 118.3 ± 1.7
days and this was not different from 123.9 ± 5.1 days in
females giving birth to more than one calf (n = 192).
There was evidence (P < .01) of a seasonal effect on
the incidence of multiple births.
multiple births was 11.6%.

The overall frequency of

Of the 238 multiple births,

12.7% occurred in the hot summer season compared with 9.2%
in the cool winter season (Table 17).
Discussion
The incidence of conceptus loss in lactating dairy cows
after day 40 of pregnancy was 16.5% in this study.

This was

greater than that reported in previous studies after preg
nancy diagnosis at 40 to 60 days of gestation (Anonymous,
1958; King et al., 1985).

Bellows et al. (1979) have pre

viously reported an abortion rate of 2.3% in 12,827 calvings
in beef cattle in range country.

In 69,479 calvings in

dairy cows, the abortion rate was reported to be 2.2% for Al
matings and 2.8% for natural matings (Anonymous, 1958).
Conceptus loss occurred in 5.5% of 239 cows after pregnancy
diagnosis at 50 days of gestation (Sreenan and Diskin,
1986).

The stages of pregnancy that conceptus loss occurred

were not reported in these studies.
Conceptus loss was diagnosed in 8.8% of cows between 40
and 80 days of gestation in this study and accounted for the
largest proportion of conceptus loss after 40 days of gest
ation.

Correspondingly, the conceptus loss at 81 to 120 and
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121 to 250 days of gestation was 4.2 and 3.3%, respectively.
This conceptus loss rate was significantly higher than those
reported in previous studies in dairy cattle and, in partic
ular, for days 40 to 80 of gestation (Fosgate and Smith,
1954; King et al., 1985).

Conceptus loss has been reported

to be 3.15% between 60 and 90 days of gestation and 2.14%
between 90 and 210 days of gestation in dairy and beef
embryo transfer recipient cattle (King et al., 1985).
Fosgate and Smith (1954) have reported that conceptus
loss in dairy cows normally ranged from .58 to 1.3% per
month between pregnancy diagnosis at 34 to 50 days of gest
ation and term.

Hawk et al. (1955) reported that 10% of 449

pregnancies in dairy cattle at 35 to 41 days of gestation
were lost by 150 days, but the specific stage of pregnancy
that these losses occurred was not reported.

Erb and Holtz

(1958) estimated conceptus loss for various stages of gest
ation in Holstein-Friesian cows based on nonreturn to estrus
by 25 days after mating in their study.

Of the cows with no

estrus by 25 days after mating 7.3, 12.2, 16.6 and 20.6% of
females returned to estrus by 45 days, 65 days, 100 days and
term, respectively.
There was evidence in the present study that conceptus
loss was greater after mating in the hot summer months com
pared with that in the cool winter months.

This may be ex

plained simply by differences in exposure to the environ
mental heat load in the two seasons.

During gestation cows

may be exposed to the environments of both seasons and
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therefore these effects cannot be completely separated in
the data set.
There was no evidence of an effect of age of the con
ceptus at the time of pregnancy diagnosis on the interval to
diagnosis of conceptus loss.

However, the time period in

gestation for pregnancy diagnosis was concentrated near day
38 and therefore insufficient numbers of females may have
been diagnosed pregnant both before and after the time of
initial conceptus attachment (day 35)

This is the time that

Ball (1978) has proposed as the time of later stage concept
us loss.
It is generally accepted that discharge of placental
tissues from the uterus or standing estrus may not be indic
ative of the stage of conceptus death.

The interval from

conceptus death in cattle to the onset of estrus and ov
ulation often ranges from 5 to 40 days. The conceptus and
fetal fluids have been shown to remain in the uterus until
several days before ovulation (Kastelic et al., 1988).

The

trophoblast tissues has been reported to produce bovine
trophoblast protein-1, that has been proposed to be luteotrophic in cattle (Helmer et al., 1987).

Heyman et al.

(1984) reported that the interestrus interval was increased
in cattle after transfer of bovine trophoblast vesicles to
the uterus of females during diestrus.

When day-17 and day-

18 embryonic homogenates were infused into the uterus of
cyclic Holstein heifers from days 14 to 18 of the estrous
cycle, luteal tissue life span has also been shown to in-
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crease over that of control animals (Northey and French,
1980).

These findings suggest that the placental tissues

maintain •pregnancy status' in cattle after conceptus death
beyond day 16 of gestation.
In a study in this laboratory, where conceptus death
was induced by intrauterine infusion of the stathmokinetic
agent (colchicine), there was no evidence of an effect of
the age of the conceptus at death on the interval to estrus
(Chapter V) .
this study.

The mean interval to estrus was 11.5 days in
In the latter experiment it was concluded that

there was a minimum interval to estrus after death of the
conceptus.

The conceptus produces factors, including bTP-1,

that may prevent regression of the CL by inhibiting the
synthesis of PGF2a (Thatcher et al., 1989).

The interval to

estrus after conceptus death may be related to the estrogendependent secretion of prostaglandin F2a to induce luteal
regression in cattle (Jacobs et al., 1988).
The dominant follicle in the follicular wave has been
shown to be the major source of estradiol in the cyclic cow
(Ireland and Roche, 1983).

In the pregnant animal the

production of conceptus proteins have been proposed to
prevent the events leading to luteal regression >day 16 of
gestation in cattle (Thatcher et al., 1989).

During the

first trimester of pregnancy in cattle it has been proposed
that the intervals between follicular waves remain constant
and the diameter of the dominant follicle in the wave does
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not decrease between the second and sixth follicular wave
(Ginther et al., 1989).
Recent developments in ultrasonography have enabled
conceptus viability in cattle to be accurately diagnosed
from day 19 or day 20 of gestation by detection of the
conceptus heart-beat (Curran et al., 1986; Kastellic et al.,
1988).

Usually pregnancy diagnosis in cattle is performed

by palpation of the conceptus or its membranes starting
around 35 days of gestation.

However, detecting the concep

tus or membrane slip may not be a true indicator of concep
tus viability.

It has been shown that the conceptus mem

branes can be palpated for >18 days following conceptus
death (fetal decapitation) in cattle (Kassam et al., 1987).
A practical approach to this problem may be the use of ul
trasonography to assess conceptus viability.

The interval

to estrus and days open may be reduced in those cows with
dead conceptuses by administration of prostaglandin (PGF2a) .
Lauderdale (1972) has shown that abortions occurred between
2 and 7 days after administering PGF2a to cattle between 40
and 120 days of gestation.
The overall mean gestation length was 279 days in this
study and was similar to the 279 day average cited by
Jainudeen and Hafez (1987).

The overall gestation length

was 2 days longer than the 277 days reported previously by
Ryan (1987) during the 10-year period (from 1975 to 1985)
for similar dairy cows in Saudi Arabia.
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The gestation length for multiple births was 273 days,
which was 5 days greater than the mean of 268 days reported
previously (Ryan, 1987).

These differences may reflect im

proved management of the cows in the final trimester of
gestation, since this has been proposed to reduce the in
cidence of perinatal calf death associated with multiple
births (Gordon et al., 1962).
The gestation length was 1.25 days shorter in the hot
summer season compared with the cool winter season.

Heat

stress during the final trimester of pregnancy has been
shown to reduce the gestation length of dairy cattle (Gwazdauskas et al., 1982).

Heat stress reduces the gestation

length and is accompanied by a reduction in ovarian blood
flow with a consequent increase in oxygen tension and a
build up of fetal waste products in utero (Reynolds et al.,
1985).
The frequency of multiple births reported in this study
was similar to those reported by Ryan et al. (1988a) for
dairy cattle in Saudi Arabia.

An increased frequency of

twins has been associated with a shorter gestation period,
increased calf and cow mortality, higher incidence of re
tained fetal membranes and reduced reproductive performance
in the subsequent lactation (Cady and Van Vleck 1978; Kay,
1978; Ryan et al., 1988b).

Gordon et al. (1962) proposed

that the problems associated with multiple births in cattle
could be overcome by better management in the final tri
mester of pregnancy.

There was evidence of a seasonal effect on the incid
ence of twins in this study which agrees with that reported
by Ryan et al. (1988a).

The incidence of twins was higher

among births in the hot summer months.

This would, in most

cases, reflect ovulation in the cooler winter months.

Ryan

(Chapter III) has reported that the incidence of multiple
ovulations was similar in both the cool winter (19.2%) and
the hot summer (23.4%) months.

However, the probability of

a pregnancy was increased by two ovulations in the cool win
ter season but not in the hot summer season.

Embryonic mor

tality has been shown to be greater between days 6 and 14 of
gestation in the hot summer season over that of the cool
winter season.

The seasonal effect on the incidence of

twins may therefore be explained by higher embryonic death
in the hot months associated with a higher ovulation to
viable embryo ratio in the hot months compared with that of
the cool months.
In summary, the incidence of conceptus loss after 38 to
40 days of gestation was 16.5%.

Between 40 and 80 days of

gestation conceptus death occurred in 8.8% of the cows.
This was greater than 4.2 and 3.3% conceptus death diagnosed
between 81 and 120 and 121 and 250 days of gestation, re
spectively.

The incidence of conceptus loss was greater

after mating in the hot summer season compared with that of
the cool winter season.

However, there was no evidence of

an effect of season on the stage of the conceptus loss.

The

expected conceptus loss from day 0 to day 40 in similar cows
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is expected to be 70% and 50% in the hot and cool seasons,
respectively.
There was an effect of the season and month of mating
on the mean interval of 91.1 days to diagnosis of conceptus
loss.

The gestation length for lactating cows having single

or multiple births was different, but has increased from
that previously reported for similar cattle in Saudi Arabia.
The gestation length was reduced after a female birth,
births during the summer months and multiple births.

A sea

sonal effect on the incidence of multiple births was ev
ident, with a higher incidence of conceptus loss occurring
during the hot summer months.

This may be explained by

higher embryo mortality associated with multiple ovulations
in the hot summer months compared with that of the cool win
ter months in Saudi Arabia.

CHAPTER V
LUTEAL MAINTENANCE AFTER CONCEPTUS DEATH DURING THE FIRST
TRIMESTER OF GESTATION
Introduction
Most conceptus wastage is proposed to take place by day
18 after mating in cattle (Diskin and Sreenan, 1980; Roche
et al., 1981).

Embryo death beyond the 14th day after art

ificial insemination (Al) has been reported to take place in
«10% of cows (Ball, 1978).

It was proposed in the latter

study that most of the deaths occurred around the 35th day
after Al, at the time when the fetal membranes became at
tached to the uterine endometrial lining.

Implantation has

been reported to begin around day 33, with the intimate
union of fetal and maternal tissues occurring at day 35 of
gestation (Metton et al., 1951).

However, Norton et al.

(1989a) have recently reported that fetal loss after preg
nancy diagnosis (rectal palpation) occurs in 7.3% of dairy
cows in Australia.

In contrast, 16.5% of dairy cows in a

hot dry climate (Saudi Arabia), have fetal loss after preg
nancy diagnosis (>40 days)

(see Chapter IV).

It has been reported that the bovine embryo must signal
its presence in utero by day 16 to 18 of gestation to main
tain luteal function (Northey and French.

Life-span of the

corpus luteum (CL) can be extended by transfer of tropho
blastic vesicles (Heyman et al., 1984) and by giving human
chorionic gonadotropin in late diestrus (Seguin et al.,
1977).

Also intrauterine infusion of bovine trophoblast
120
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protein-1 (bTP-1) extends the interestrous interval and
appears to have antiluteolytic properties during early
pregnancy in cattle (Helmer et al., 1989).

Embryonic death

beyond the 15th day of pregnancy may therefore result in an
extended interestrus interval.

The effect of the time of

embryonic death beyond the 15th day of pregnancy on the
interestrus interval has not been clearly delineated.
Reproductive failure is associated with the cost of an
increased calving interval and it would be beneficial to
minimize the interval from conceptus death to estrus.

Con

ceptus viability in cattle can be monitored, by detection of
a heartbeat using ultrasonography, from the 19th or 20th day
of pregnancy (Curran et al., 1986, Kastelic et al., 1988) or
by monitoring estrone sulphate in the maternal blood from
day-120 of gestation (Booth and Chaplin, 1984).

The admin

istration of prostaglandin (PGF2<S) to cattle with an active
CL causes luteolysis and the subsequent expression of estrus
in 2 to 3 days after treatment (Lauderdale, 1972; Kiracofe
et al., 1985).

Therefore, it may be possible to reduce the

interval to estrus after conceptus death by administering
PGF2«*
The first objective of this experiment was to identify
the effect of age of the conceptus at the time of death on
the interval to estrus in gestating beef cattle.

The second

objective was to compare the intervals to estrus and mater
nal circulating progesterone (P4) concent rat ions after PGF2a
treatment ana after the time of conceptus death until the
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onset of estrus.

The third objective was to verify that

females could exhibit estrus and become pregnant after
mating at the estrus subsequent to embryonic death.

The

final objective was to examine the effect of colchicine on
circulating maternal P4 concentrations in diestrus beef
cattle.
Materials and Methods
Multiparous, nonlactating, mixed breed beef cows (n=
120) were allotted to this experiment.

During the month of

August these cyclic females were placed in pasture lots with
fertile Charolais and Angus bulls for mating.

The bulls

were each harnessed with a chin-ball marker (Edwards Agri
culture Supply, Baraboo, WI) and tail-chalk (Painstik®: Lake
Chemical Co., Chicago) was placed on the tailhead of each
female once per week as an aid to detecting estrus.

Females

were checked twice daily for signs of estrus (0800 and 1900
hours) during this interval.

Sixty four of these females

were diagnosed pregnant by ultrasonography with a 5 MHz
probe (LS-1000®: Tokyo-Keiki, Japan) .

The age of the con

ceptus at the time of pregnancy diagnosis was determined by
ultrasonography (5 MHz probe) and mating records.

The

presence of a viable conceptus was verified by detection of
a fetal heart beat prior to treatment.

The age of the

conceptus at the time of pregnancy diagnosis ranged from 24
through 50 days (estrus = day 0).
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Nine pregnancy groups were identified based on the age
of the conceptus at the time of pregnancy diagnosis.

Each

pregnancy group encompassed a 3-day interval from day 24
through day 50 of gestation (Table 18).
Gestating females were then allocated at random within
pregnancy groups to one of two treatments (Table 19).

In

both Treatments A and B, 1 mg of colchicine (Sigma, St.
Louis, MO) was dissolved in 5 ml of physiological saline and
infused nonsurgically to the horn of pregnancy.

The colchi

cine solution was infused into the horn of pregnancy using a
Cassou Al device (L'Aigle, France) and teflon micro-tubing
(I.D. = 1.06 mm with O.D = 1.68 mm)
IL).

(Cole-Palmer, Chicago,

The teflon micro-tubing was passed through the Al

device until it was visible at the tip.

The infusion appa

ratus was then passed through the cervix into the horn of
pregnancy.

A 6 ml syringe containing the colchicine solu

tion was then attached to the infusion unit and infused by
positive pressure to the pregnant horn.

The colchicine

solution remaining in the unit was flushed into the uterus
by infusion of an additional 5 ml of physiological saline.
This approach was used to induce death in both the placental
tissues and living conceptus.

In one experimental female a

viable conceptus was detected in each uterine horn and the
colchicine solution was divided between the two horns.
At an interval of 48 hours from intrauterine infusion
of colchicine, conceptus death was verified by failure to
detect a conceptus heartbeat using ultrasonography.

Each

124

TABLE 18.

Pregnancy
group
P1

ALLOCATION OF BEEF FEMALES TO TREATMENTS
WITHIN PREGNANCY GROUPS

Treatment
A

Stage of gestation
(days)

Number of
females

24-26

3

P1

B

24-26

3

p2

A

27-29

3

P2

B

27-29

3

P3

A

30-32

3

P3

B

30-32

3

P4

A

33-35

3

P4

B

33-35

3

P5

A

36-38

3

P5

B

36-38

3

P6

A

39-41

7a

P6

B

39-41

6a

P7

A

42-44

3

P7

B

42-44

3

P8

A

45-47

4

P8

B

45-47

4

P9

A

48-50

3

P9

B

48-50

4

°The results for the females in this group were not clear,
so additional females were added to these treatment groups
to clarify findings in the P6 pregnancy group.
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TABLE 19. EXPERIMENTAL DESIGN FOR ALLOCATION OF FEMALES
TO TREATMENTS IN EACH PREGNANCY GROUP DURING
THE FIRST TRIMESTER OF PREGNANCY8
Treatment
Agent

A

B

Colchicineb

+

+

Prostaglandin F2ac

-

+

Carrier (saline)

+

+

32

32

Total no. of females
allocated/treatment

aBetween days 24 and 50 of gestation.
bA 1 mg dose of colchicine in 5 ml of physiological sa
line.
CA single 25 mg dose of PGF2a administered (im) .
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female in Treatment A then received 5 ml of carrier vehicle
(saline) intramuscular (im) and females in Treatment B
received 25 mg of PGF2a (im) (Lutalyse®: Upjohn, Kalamazoo,
MI) .
Plasma progesterone (P4) concentrations were monitored
in each female from the onset of treatment to their return
to estrus.

Blood samples were taken from the jugular vein

of each cow and collected in 10 ml heparinized vacutainers
(Vacutainer®: Becton Dickinson, NJ).

The first blood sample

was taken 6 hours prior to the time of pregnancy diagnosis.
The second blood sample was collected at the time of preg
nancy diagnosis and prior to colchicine administration.
Additional blood samples were collected once daily for the
first 3 days after colchicine treatment and then every other
day until the cow returned to estrus, when the final blood
sample was taken.
The blood samples were placed on ice until the plasma
was separated by centrifugation within 45 minutes after
sample collection.

The blood samples were centrifuged at

1500 rpm for 15 minutes.

After plasma separation the plasma

samples were frozen at -15°C until P4 was measured by radio
immunoassay using procedures previously described at this
station (Thompson et al., 1983).
After treatment the females were placed in a pasture
with penile-deflected teaser bulls and checked twice daily
for signs of estrus.

Females were mated with fertile bulls

when they returned to the first estrus after conceptus
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death.

Pregnancy was subsequently diagnosed in these fe

males by transrectal imaging of the conceptus using ultraso
nography (5 Mhz probe) between days 25 and 35 of gestation.
In a second experiment, the effect of colchicine on
circulating maternal plasma progesterone concentrations was
examined using diestrus females.

Twelve nonlactating,

multiparous, mixed breed beef females were detected in
estrus and allocated to one of two treatments between day 7
and 14 of the estrous cycle.

Prior to treatment the females

were examined by rectal palpation and via ultrasonography (5
MHz probe) for the presence of a CL.

The females were

paired by day of the estrous cycle and then allocated at
random within pair to treatments.

Females in Treatment A

were infused intrauterinely with 1 mg of colchicine in 5 ml
of saline ipsilateral to the CL as previously described.

In

Treatment B, 10 ml of physiological saline was infused
intrauterinely ipsilateral to the CL.

Blood samples were

collected 6 hours prior to treatment, at the time of treat
ment and once daily for 4 days thereafter to measure plasma
PA levels using radioimmunoassay.
Statistical Analysis
Analysis of variance using the General Linear Models
procedure (SAS, 1985) was used to evaluate the effects of
treatment and pregnancy group on the interval to estrus and
can be described as follows:
Ytjk - »* + r, + a, +

TOfj

+ Eljk
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where Yjjk represents the assigned score,
Tj is the ith treatment effect,
t o

-.}

a-i

the overall mean,

n

is the jth group effect,

is the interaction effect between treatment and group

and Eijk is the residual error.
The
analyzed

effect of treatment

on plasma P4 concentrations was

byregression analysis

to create parameters of

intercept and slope for each cow using the model:
^ i j k l = a ijk + ^ i j k ( T i j k l "

T ijk^

where y jjkl = the 1th P4 value for the kth cow in the jth gesta
tion group and ith treatment, aljk = parameter estimate for
the intercept for the kth cow in the jth gestation group and
the ith treatment and )8iJk(TjJ.kl - TfJk) = the partial linear
regression coefficient of yijkl on time.

The effect of

treatment and stage of gestation on these parameters was
then analyzed using the model:
ck.l.j,k
. or B...
^ljk

=

ur*+

r1
■+

6■J +

t

S-IJ

+ 2-l
-j
,k

where a,-^ = the parameter estimate for the intercept, 0ijk =
parameter estimate for the linear effect of time,
overall mean,

r- =

n

the effect of the ith treatment,

effect of the jth gestation group,

r 6 rj

= the
S-}

== the

= the interaction

effect of the ith treatment and jth gestation group and 2ijk
= residual error.
A split-plot analysis of variance and repeated mea
surements over time was used to analyze data for plasma P4
concentrations in nonpregnant diestrous females and can be
described as follows:
Yiik = M + r,- +

a}

+ TUjj + Bk + r/Jik +

<xB}k +

SiJk
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where Y.^ represents the assigned score, /u is the overall
mean, r, is the ith treatment effect,

a-l

is the jth pair

effect, TtTy is the interaction effect between treatment and
pair, /9k is the kth time of measurement effect, r/3jk is the
interaction effect between treatment and time,

o@.k

is the

interaction effect between pair and time, and 2ijk is the
residual subplot effects.
Chi-square analysis (Parker, 1976) was used to detect
differences in mean pregnancy rates between the two treat
ment groups after post-trial mating.
Results
No heartbeat was detectable in any conceptus present 48
hours after colchicine administration in Treatments A and B.
There was a significant effect of treatment (P < .01) on the
interval to estrus.

The mean (±SE) interval to estrus

following Treatment A in pregnant females was 13.5 ± .79
days and was greater (P < .01) than 6.2 ± .79 days in pros
taglandin-treated females in Treatment B.

The mean interval

to estrus ranged from 10.3 ± 2.6 to 16.7 ± 2.6 days in fe
males in Treatment A and from 5.2 ± 2.25 to 8.0 ± 2.6 days
in females in Treatment B (Figure 9).

There was no evidence

(P > .10) of either a gestation group or a treatment by
gestation group interaction on the interval to estrus (Ap
pendix 7).

There was no evidence (P > .10) of an effect of

the age of the conceptus at embryo death on the subsequent
interval to estrus after either Treatment A or Treatment B.

Interval to Estrus (days)

H
£2

Coichicine + Saline
Colchicine + PGF2 a

■I I
I iii

mm
24-26

27-29

30-32

33-35

36-38

39-41

42-44

45-47

48-50

Stage of Gestation
Figure 9. Interval to estrus after colchicine induced embryo death in gestating cattle
treated with either physiological saline or prostaglandin F2 alpha (PGF2 a ) at various stages
during the first trimester of pregnancy.

In the analysis of factors affecting the parameter es
timates for the P4 values at the intercept and the linear
effect of time associated with the plasma P4 concentrations
for each female there was evidence (P < .05) of a treatment
effect on the paramater estimate for the linear effect of
time (Appendix 8).

In Treatment A, the mean paramater est

imate for the linear effect of time was -1.32 ± .36 and was
less steep (P < .05) than -2.83 ± .36 for females in Treat
ment B.

There was no evidence (P > .1) of an effect of

either gestation group or treatment X gestation group inter
action on the paramater estimates for the intercept and the
linear effect of time.

Also, the effect of treatment on the

paramater estimate for the intercept was not significant
(Appendix 9).

For each of the pregnancy groups it is ev

ident that the P4 patterns were different in appearance for
females in Treatment A from those in Treatment B (Figure
10 - 18) .
After females were exposed to fertile bulls at the
post-abortion induced estrus, 37.5% (12/32) of females in
Treatment A were diagnosed pregnant and this was not signif
icantly different from the pregnancy rate of 31.3% (10/32)
for females in Treatment B.
When diestrus females were treated with colchicine or
physiological saline there were no significant effects of
treatment, day of the estrous cycle as defined by pair, time
and their interactions on plasma P4 concentrations.
mean plasma P4 concentration in females treated with
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death for days 24 to 26 of gestation.
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Figure 11. Maternal progesterone profile after bovine embryo
death for days 27 to 29 of gestation.
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death for days 30 to 32 of gestation.
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Figure 13. Maternal progesterone profile after bovine embryo
death for days 33 to 35 of gestation.
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Figure 14. Maternal progesterone profile after bovine embryo
death for days 36 to 38 of gestation.
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Figure 16. Maternal progesterone profile after bovine embryo
death for days 42 to 44 of gestation.
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Figure 17. Maternal progesterone profile after bovine embryo
death for days 45 to 47 of gestation.
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death for days 48 to 5 0 of gestation.
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colchicine was 7.73 ± 2 ng per ml and was not different from
8.12 ± 2 ng per ml in females treated with physiological
saline.

Therefore, there was no evidence that intrauterine

infusion of colchicine had an effect on plasma P4 concentra
tions in diestrous females.
Discussion
Administration of PGF2a after diagnosis of comceptus
death reduced the interval to estrus in this study.

The

interval to estrus after colchicine-induced embryo death in
this experiment (mean = 13.5 days) was longer than the int
erval of 6.2 days when PGF2a was administered at the time
embryonic death was diagnosed.

The interval to observed

estrus after embryonic death was comparatively shorter,
however, than that previously reported for cattle (Kassam et
al., 1987; Kastelic et al., 1988).

Kassam et al. (1987)

induced fetal death by manual rupture of the amniotic
vesicle in four cows between days 41 and 46 of pregnancy.
Only one cow had shown estrus by the time of necropsy 36
days after fetal death.
In a preliminary study (Ryan and Goodlet, unpublished
data) bilateral twins were diagnosed in eight lactating
Holstein females by rectal palpation between days 35 and 43
of gestation.
rectum.

One of the twins was manually decapitated per

Where differences in size were detectable between

embryos the smallest fetus was manually decapitated, other
wise one conceptus at random was decapitated.

None of the
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females maintained a pregnancy.

The mean interval from

decapitation to estrus was 67 ± 11.1 days for six females
and three females were diagnosed to be nonpregnant at a mean
interval of 71 ± 10.4 days.

In multiple pregnancies in

cattle, the placental blood vessels are fused by day 39 of
gestation (Jost at al., 1972).

Death of one conceptus may

therefore result in death of the other conceptus.

There

seems to be other factors after conceptus death in cattle
that affect the subsequent interval to estrus.
The longer interval to estrus after conceptus or fetal
death by decapitation or amniotic rupture may be explained
by the continued survival of the trophoblastic tissues that
maintain a luteotrophic signal.

Kassam et al. (1987) noted

that a membrane, slip was evident at palpation for up to 18
days after rupture of the amniotic vesicle.

Northey and

French (1980) reported that the life span of the CL could be
extended by the infusion of embryonic homogenates from day16 and day-18 conceptuses.

Godkin et al. (1982) reported

that day-13 to day-21 sheep conceptuses transiently produced
a protein that may be involved in maternal recognition and
luteal function in sheep.

Also, Heyman et al. (1987)

reported that trophoblastic vesicles transferred with frozen
thawed embryos increased pregnancy rates and this supports
the hypothesis that trophoblast tissues maintain a luteotro
phic signal.
More recently, Plante et al. (1988) demonstrated that
bTP-1 infused into the uterus of cycling animals extends the
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interestrus interval by preventing luteal regression.

The

interval to estrus following conceptus death may therefore
depend on the time the trophoblast cells die and cease to
produce the luteotrophic and/or antiluteolytic substances
such as bTP-1 and possibly the leukotrenes.
In contrast, the trophoblast tissues may be destroyed
after intrauterine infusion of colchicine.

Colchicine is a

stathmokinetic agent that blocks cells at the metaphase
stage of mitosis (Taylor, 1965; Wilson and Friedkin, 1967;
Oppenheim et al., 1973).

The trophoblast tissues may there

fore no longer continue to produce either bTP-1, leukotrenes
or other unidentified substances to directly or indirectly
maintain luteal function.

Therefore, the colchicine-treated

animal would return to estrus at an interval that is shorter
than that following either fetal decapitation or amniotic
rupture.

Kastelic et al. (1988) also induced embryonic

death in four heifers by intrauterine administration of
colchicine.

The interval from treatment to cessation of

heartbeat and subsequent ovulation was 1.2 ± .2 days and
20.8 ± 3.1 days, respectively.

The interval to estrus

reported by these researchers was greater than the mean
interval of 13.5 days in the present study.

One should not

overlook that the number of animals in their study was quite
small.

However, the interval to estrus after colchicine-

induced conceptus death in this study was less than that
after fetal decapitation (Ryan and Goodlet, unpublished
data) or amniotic rupture (Kassam et al., 1987).

The mean interval from PGF2a treatment, at diagnosis of
conceptus death, to estrus (4.2 days) was longer than the
mean interval of 66 hours previously reported for similar
nonpregnant cows that had received PGF2a in diestrus (Kiracofe et al., 1985).

Also, the mean interval to embryonic

death after PGF2a treatment was 2.3 and 2.6 days in females
at day 28 and 42 of gestation, respectively (Kastelic et
a l ., 1988).

The interval to ovulation in females in the

latter study was 2.4 and 2.7 days, respectively.

Jacobs et

a l . (1988) reported that luteal regression via exogenous
PGF2a in cattle was not estrogen dependent compared with the
endogenous production of PGF2a for luteolysis.

The rela

tively long interval to estrus after PGF2a treatment in
females where embryonic death was induced by intrauterine
infusion of colchicine may be related to a stress associated
with colchicine-induced conceptus death.
There is evidence that the interval to estrus after
PGF2a treatment is dependent on the stage of gestation.
Lindell et al. (1980,1981) administered PGF2a to heifers
between days 39 and 146 of gestation.

The interval to

estrus was 2 to 3 days for females between days 39 and 71 of
gestation and 18 to 36 days for females between 102 and 146
days of gestation.

Females that aborted up to 71 days of

gestation did not have a pronounced postpartum release of
prostaglandins compared to females that aborted between 102
and 146 days of gestation.

It was concluded that as fetal

attachment increases in gestation there is an associated
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degree of uterine trauma after abortion that may determine
the release of prostaglandins postpartum.

The short in

terval to estrus after abortion in the early stages of
gestation (Lindell et al., 1980,1981) agrees with the
intervals to estrus detected in this experiment.

There was

also no evidence from the present experiment that fetal
attachment to the uterine wall at «35 days of gestation
(Matton et al., 1951) affected the interval to estrus
following conceptus death.
Some females became pregnant in both treatment groups
after mating at the estrus subsequent to embryonic death and
therefore the post-abortion estrus is potentially fertile.
The pregnancy rate for colchicine-treated cows after remat
ing was lower than that normally expected from a single
mating in beef cattle (Roche et al., 1977).

However, the

pregnancy rate was similar in contemporary females mated
without prior treatment with colchicine.

There was there

fore no evidence of an adverse effect of colchicine treat
ment on subsequent reproductive performance.

Lauderdale

(1972) administered PGF2a to 14 females, between 40 and 70
days of gestation, to induce abortion.

After abortion the

females were penned with bulls for 30 to 39 days.

Ten of 14

cows (71%) became pregnant at an estimated interval of 13 to
33 days after aborting.

The findings of our study and those

in other reports (Lauderdale, 1972) indicate no adverse
effect of induced conceptus death on subsequent reproductive
performance.
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The plasma P4 concentrations after colchicine and
saline treatment did not return to basal levels until the
animals returned to estrus.

The plasma P4 concentrations

reached basal levels earlier in females that received PGF2a
at the time conceptus death was diagnosed.

These results

show that luteal regression, between days 24 and 50 of
gestation, occurs earlier after colchicine-induced conceptus
death followed by PGF2{r treatment compared with colchicineinduced embryo death alone.
If the colchicine prevents any further production of
luteotropic substances by the trophoblast cells there may be
other factors such as follicular activity controlling the
process of luteolysis and subsequent estrus.

Ginther et al.

(1989) have reported that an interval of 3 days elapsed from
the beginning of a follicular wave until regression of the
previous dominant follicle and cessation in growth of sub
ordinate follicles.

The interval from emergence of a wave

to emergence of the next remained constant during the first
70 days of gestation.

The delay in luteolysis may therefore

be explained by the turnover in dominant follicles with the
concomitant production of estrogen and PGF2a (Thatcher et
al., 1989).
In this model, the ovarian follicles secrete estrogen
that stimulate the production of oxytocin receptors at the
uterus (Thatcher et al., 1989).

Oxytocin from the CL may

then induce the production of PGF2a, which stimulates fur
ther release of oxytocin and a decrease in P4 resulting in

luteolysis and return to estrus.

Guilbault et al. (1981)

demonstrated that the uterus was a site for both synthesis
and metabolism of PGF2a in cattle.

Hysterectomy eliminated

the normal prostaglandin metabolite profile.

Gagenbach et

a l . (1977) demonstrated that there was a luteolytic interac
tion between estradiol and PGF2a in ewes that was indepen
dent of the uterus.

Using the estrogen antagonist tamoxif

en, Jacobs et al. (1988) demonstrated that the endogenous
concentration of the estrogen-dependent 13,14-dihydro-15keto-prostaglandin F2a did not increase in cattle after an
injection of the PGF2a analog, cloprostenol.

However, the

estrogen-dependent secretion of PGF2a was not required for
the cloprostenol-induced luteolysis.

This may partially

explain the shorter interval to estrus in pregnant females
that were administered PGF2a at the time of embryonic death
compared with the longer interval associated with saline
treatment after embryo death induced by colchicine.
A viable bovine conceptus in the uterus produces bTP-1
and this is proposed to prevent the release of PGF2a from
the cells and thus luteal function is maintained (Thatcher
et al., 1989).

The interval from appearance of the dominant

mid-cycle follicle, which is involved in luteolysis (Hughes
et al., 1987), to estrus is approximately 10 days.

This

interval is close to the 11.5-day interval to estrus after
diagnosis of embryonic death reported in this study.

It is

therefore proposed that the interval to estrus, after in
duced embryonic death and destruction of the trophoblast
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cells with colchicine, is associated with the time required
for the estrogen-active follicles to cause the cascade of
events leading to luteolysis.
Ultrasound has been shown to be a valuable tool in the
diagnosis of embryo viability (Kastelic et al., 1988).
Estrone sulphate in milk can also be used as a test of
conceptus viability beyond 112 days of gestation (Eley et
al., 1979, Thatcher et al., 1980, Booth and Chaplin, 1984).
However, most of the conceptus death has taken place by this
stage of gestation.

The incidence of conceptus death after

40 days of gestation was shown to be 16.5% in dairy cows in
a hot dry climate and the mean interval from mating to diag
nosis of conceptus death was 91.1 days (see Chapter IV).
The ability to detect a fetal heart beat from 20 days of
gestation (Curran et al., 1986) means that conceptus viabil
ity can be diagnosed at a stage prior to when later concep
tus death is thought to occur under field conditions.

The

administration of PGF2a in the cases where conceptus death
has been diagnosed may reduce the associated extended
interval to estrus.
In summary, intrauterine transfer of colchicine to
pregnant females between days 24 and 50 of gestation re
sulted in embryonic death within 48 hours.

The interval to

estrus from colchicine treatment alone was longer than the
interval to estrus associated with the administration of
PGF2a when conceptus death was diagnosed at 48 hours foll
owing colchicine treatment.

The longer interval to estrus

following colchicine and saline treatment was associated
with a longer interval for P4 concentrations to reach basal
levels.

The pregnancy rate, following the estrus subsequent

to embryonic death was similar in females treated with eith
er physiological saline or PGFZa at the time embryonic death
was diagnosed.

There was also no evidence that colchicine

resulted in luteolysis when transferred intrauterine to
diestrus females.

CHAPTER VI
EFFECT OF HEAT-STRESS ON BOVINE EMBRYO DEVELOPMENT IN VITRO
Introduction
Fertility is reduced in dairy cows exposed to summer
heat stress (Stott, 1961; Gwazdauskas et al., 1973; Ingraham
et al., 1974; Badinga et al., 1985).

Dunlap and Vincent

(1971) have shown that when rectal temperatures increased
from 38.5° to 4 0 ° c for 72 hours post-insemination in cattle,
pregnancy rates decreased from 48% to 0%.

When embryos were

recovered from superovulated dairy cows on day 7 post-mating
in both the warm southeastern region (Putney et al., 1988a)
and the southwestern region (Monty and Racowsky, 1987) of
the United States, it was concluded that embryo mortality
most often occurred prior to day 7 of gestation.

In a rec

ent study, day-7 embryos were nonsurgically transferred to
heat-stressed dairy cows and pregnancy rates were signifi
cantly greater when compared with those of artificially in
seminated control cows (Putney et al., 1989).
In a recent study reported by this laboratory, embryos
were harvested nonsurgically from lactating dairy cows eith
er on days 6 to 7 or days 13 to 14 during the summer months
and again at similar days during the cool winter months in
Saudi Arabia (Ryan et al., 1990b).

During the summer months

embryo mortality was 41% by day 7 post-insemination and then
increased to 73% by day 14 post-mating.

Correspondingly,

conceptus mortality rate for intact control cows had reached
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79% by 35 days of pregnancy.

During the winter months the

embryo mortality was 48% by day 7 but did not increase for
embryos recovered from herdmate females at days 13 and 14
post-insemination, as occurred during the hot summer months.
It was concluded from the latter study that embryo mortality
of dairy cattle in Saudi Arabia was markedly increased be
tween days 6 and 14 of gestation under heat-stress condit
ions (maximum daily air temperatures ranged from 44° to 53°C
during the summer months).
The mean rectal temperature of the cows at Al was
greater in the summer months (38.98°C) when compared with
that of cows during the winter months (38.34°C).

The tem

peratures were not directly Correlated with embryo viability
in this study.

Since the cows were maintained under evapo

rative cooling during the study, the rectal temperatures of
the cows in the summer months were not appreciably above the
mean norm of 38.6°C.
If the reduction in embryo viability at this stage of
gestation could be avoided it would have major practical
implications for the dairy industry.

Heikkila et al.

(1985a) have shown that mouse and rabbit embryos can be
induced to produce heat shock proteins at the morula or
blastocyst stage of development.

These researchers reported

that an acute rise in temperature of rabbit embryos for 15
to 30 minutes induced an increase in the production of heat
shock proteins.

Lindquist (1986) proposed that the heat

shock proteins were able to prevent aggregation of breakdown
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products in the cell and to shift toxic elements out of the
cell.

The induction of heat shock proteins has been shown

to induces thermotolerance in sea urchin embryos (Roccheri
et al., 1981; Heikkila et al., 1985b) and heat shocking
mouse embryos has been reported to give tolerance to a
subsequent heat treatment (Li et al., 1983).

Therefore,

there may be a potential for increasing the pregnancy rates
in cattle by applying an acute thermal stress to the morula
or blastocyst stage embryos prior to their transfer to
recipients.
Embryo viability is frequently assessed using visual
appraisal, which is subjective and requires a high level of
skill.

Furthermore, cattle embryos that have been classi

fied as nonviable by experienced personnel have resulted in
transplant pregnancies (Killeen et al., 1971).

A qualitat

ive assessment of embryo viability may be feasible by mea
suring the production of prostaglandins (Hwang et al., 1988;
Pool et al., 1989).
The production of PGE2 by rabbit embryos has been shown
to markedly increase from days 4 to 6 of gestation (Harper
et al., 1981).

It was concluded that prostaglandin secret

ion may be important in the sequence of events leading to
implantation and that the embryo may be involved in this
process.

Hwang et al. (1988) have reported that viable

bovine embryos (collected between days 6 and 10 post-mating)
were not able to convert radiolabelled arachidonic acid to
PGE2 but were able to convert arachidonic acid to PGF2a.

It
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was noted in this study that embryos not developing in
culture produced no prostaglandins in vitro.

Furthermore,

it has been suggested that PGE2 produced by bovine embryos
in vivo prior to day 12 may be involved in luteal mainte
nance and possibly in the maternal recognition of pregnancy
in cattle (Hwang et al, 1988; Cavalcoli et al, 1990).
The primary objective of the present study was to eval
uate the in vitro embryo development following different
heat stress treatments on bovine morulae in an ill vitro cul
ture system.

Secondly, to determine if any relationship

occurs between the heat stress treatments and subsequent
PGE2 production by the embryos in vitro.

The final objec

tive was to evaluate the effect of different temperatures
and C02 concentrations on culture medium parameters and
embryo viability.
Materials and Methods
Preparation of Caprine Oviductal Monolaver
Caprine oviductal monolayers were prepared using a mod
ified procedure similar to that previously reported by
(Prichard et al., 1990).

The reproductive tract was surg

ically removed from a mature, luteal-phase doe and placed in
.9% physiological saline.

The oviducts were aseptically re

moved and washed three times in Tissue Culture Medium-199
(TCM-199)

(Gibco, Grand Island, NY) containing 100

ng

of

penicillin, 100 ^g of streptomycin and .25 pg of amphotericin-B (AbAm)

(Gibco, Grand Island, NY) per ml of medium.
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Each oviduct was then flushed with 1 ml of .25% trypsin
(Gibco, Grand Island, NY) using a 20-gauge needle attached
to a sterile 1 ml plastic syringe (Figure 19).

The distal

end of the oviduct was clamped with a pair of hemostats, the
oviduct was filled with .25% trypsin and incubated in a 100
x 15 mm petri dish (Dispo®; Baxter, Mcgaw Park, IL) in a gas
atmosphere of 5% C02 in air for 10 minutes at 37 °C.

The

medium was then released from the oviducts into a centrifuge
tube containing 5 ml of TCM-199 with AbAm, centrifuged at
1500 rpm for 15 minutes, and the supernatant discarded.
This oviduct cell collection procedure was then repeated two
times.
The resulting cell pellet was resuspended in TCM-199
containing 10% fetal bovine serum (FBS) (Gibco, Grand Is
land, NY) and AbAm, transferred to a 25 cm2 cell culture
flask (Corning®: Corning Glassware, Corning, NY) and in
cubated at 37°C with 5% C02 and 95% air mixture.

After

reaching confluency, the oviductal cells were trypsinized
with .25% trypsin and counted using a standard hemocytometer
method.

A subsample of »200,000 cells were subsequently

transferred into other 25 cm3 cell culture flasks to in
crease the cell number.
Starting 48 hours prior to embryo collection, 100,000
cells were placed into individual wells of a 24-well cell
culture cluster dish (Gibcoware®: Gibco, Grand Island, NY).
One ml of Menezo's B2 medium (API System, Montailieu Vercieu, France) and 1 ml of TCM-199 were then added to each
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Figure 19. Preparation of goat oviduct epithelial
cell monolayer.
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well.

The medium was changed in each of the wells 12 hours

later.

Prior to embryo co-culture, each well with a conflu

ent monolayer was washed twice with 4 ml of Dulbecco's phos
phate-buffered saline (DPBS)

(Gibco, Grand Island, NY) to

remove dead cells or other cellular debris.
Embrvo Collection
Superovulation and embryo recovery was performed on a
group of crossbred beef donor cows (n=17).

Each female was

between days 8 and 14 of the estrous cycle at the onset of
gonadotropin treatment.

A 5-MHz probe attached to a Model

LS-1000 ultrasound unit (Tokyo-Keiki) was used to verify
luteal tissue prior to gonadotropin treatment.

Follicle

stimulating hormone (FSH) (FSH-P®: Schering Corporation,
Kenilworth, NJ) was administered twice daily (am and pm) to
each donor female in a descending dose schedule of either 5,
4, 3 and 2 mg (28 mg total) or 6, 5, 4, 3 and 2 mg (40 mg
total).

Each female received a 25-mg dose of prostaglandin

F2a (Lutalyse®: Upjohn Co., Kalamazoo, MI) in the morning of
the third day of FSH injections to induce luteal regression.
At the onset of standing estrus, donor females were penmated
with two fertile beef bulls.

Each donor was then artifi

cially inseminated 24 hours after natural service with two
units of frozen-thawed semen from a fertile dairy bull.
On day 6 to 6.5 after the onset of standing estrus
(estrus = day 0), embryos were nonsurgically collected from
donors using a Foley catheter as previously described by
this laboratory (Looney et al, 1981).

DPBS supplemented
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with 1% FBS and AbAm was used as the flushing medium.

Each

uterine horn was flushed with 200 to 250 ml of the DPBS
flushing medium.

The flushing medium recovered was passed

through a 70-f*m screen (EmCon®: Veterinary Concepts, Spring
Valley, WI) to harvest the embryos.

The flushing medium

remaining in the filter (25 to 30 ml) was then examined for
embryos using a Zeiss stereomicroscope (20X).
Experimental Treatments
Recovered embryos were placed in modified DPBS contain
ing 10% FBS, 1 mg glucose, .036 mg pyruvate,
and AbAm per ml of medium.

.1% phenol red

Prior to their random allocation

to treatment groups, embryos were maintained at room temp
erature until assigned an embryo quality grade score ranging
from 1 to 4 (l=excellent, 2=good, 3-fair and 4=poor) as
previously described by this laboratory (Looney, 1984).
Embryos with quality grade scores of 1, 2 or 3 were allo
cated randomly by donor and quality grade to treatment
groups (Table 20).
In Treatment 1 (T-,) embryos were co-cultured at 38.6°C
for 60 hours as a control to mimic the normal internal core
body temperature of the cow.

Embryos in Treatment 2 (T2)

were co-cultured at 40°C for 60 hours and embryos in Treat
ment 3 (T3) were incubated

at 43°C with 5% C02, 5% 02and 90%

nitrogen for 20 minutes prior

to co-culture at 38.6"C for a

total incubation period of

60 hours.

In Treatment 4 (T4)

the embryos were incubated

at 43°C with 100% C02 for 20
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TABLE 20.

EXPERIMENTAL DESIGN FOR ALLOCATING BOVINE EMBRYOS
ACROSS TEMPERATURE TREATMENTS
Treatment

Item

Ti

t2

*3

*4

Embryos/group

27

27

27

27

Culture (hours)

60

60

60

60

Temperature (°C )
(0 to 20 minutes)

38.6

40

43

43

C02 (%)
(0 to 20 minutes)

5

5

5

100

Temperature (°C)
(20 minutes
to 60 hours)

38.6

(%)

co2

(20 minutes
to 60 hours)

5

40

5

38.6

5

38.6

5
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minutes prior to co-culture at 38.6°C for a total incubation
period of 60 hours.
The embryos exposed to the "acute” temperature stress
(43°C) in T3 and T4 were placed in .5 ml of B2 medium (43°C)
in groups of four embryos per well of a 4-well plate (Nunc®:
Roskilde, Denmark).

The 4-well plates containing embryos

were then placed in a modular incubator chamber (BillupsRothering, Del Mar, CA) and sealed after introducing either
5% C02 or 100% C02.

The modular incubator containing embry

os was then placed in a larger temperature-controlled incu
bator for 20 minutes at 43°C.
Embryos were placed either directly (T, and T2) or im
mediately after receiving an acute stress (T3 and T4) into
wells of a 24-well cell culture cluster dish containing .5
ml of B2 medium on a caprine oviductal cell monolayer.

Fet

al bovine serum, in this case, was not included in the co
culture system for the first 24 hours of co-culture as not
to alter the PGE2 concentrations in the medium samples.

The

embryos were placed in low melting point agarose cylinders
prior to co-culture to facilitate the collection of medium
samples at 4-hour intervals.

The agarose embedding proced

ure was similar to that previously described by Blakewood
et al. (1989).
The wells of the individual culture dishes contained
either a caprine oviduct monolayer and .5 ml of B2 medium or
.5 ml of B2 medium alone.

The B2 medium was replaced in

each well at 4-hour intervals during the first 24 hours of
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incubation.

B2 medium was recovered from each well and

frozen for subsequent PGE2 determination by radioimmuno
assay.

The embryos were removed from the agar cylinders

after the first 24 hours of co-culture and then replaced
alone in the co-culture system.
During hours 24 to 60 of co-culture 1.5 ml of B2 medium
was placed in each well.

The embryo morphology, stage of

development, embryo quality and embryo viability were as
sessed within each stage at 12-hour intervals for 60 hours
of co-culture.

Each embryo was again assigned a quality

grade score from 1 to 4 at each observation interval.
Each embryo was also assessed by a new embryo develop
ment system and assigned a Ryan embryo development score
(RED) based on a combination of stage of development and
quality grade at that stage (Table 21).

The RED score

system was devised to express a numerical score for poten
tially viable embryos.

A value in this system may be de

scribed using the additive mathematical formula
+ 0j, where

= n + 0.

= the RED score for an embryo at the ith stage

of development and receiving the jth grade,
mean RED score for viable embryos, 0. = Yf -

fi

= the overall

fi

and

0.}

= Yj -

Prostaglandin Determination bv Radioimmunoassay
Prostaglandin E2 was determined in B2 medium samples
collected at 4-hour intervals during the first 24 hours of
co-culture using the procedure previously described by Hwang
(1985).

After a preliminary assay to determine the quanti
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TABLE 21. THE RED SCORE SYSTEM DEVELOPED TO EVALUATE
BOVINE EMBRYOS DURING IN VITRO CULTURE

Embryo
quality
grade

_______________ Stage of development_______________
Expanded Hatching Hatched
Blasto
blasto
blasto blasto
Morula
cyst
cyst
cyst
cyst

1

1.00

2.00

3.00

4.00

5.00

2

.66

1.66

2.66

3.66

4.66

3

.33

1.33

2.33

3.33

4.33

4

.00

.00

.00

.00

.00
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ties of PGE2 present in the B2 samples collected, the B2
samples were diluted by adding 900

pi

aliquot of B2 from each test sample.

of PBS-gel to a 100

pi

A double antibody

technique was used to separate unbound-antigen from bound
antigen and circumvent the problems associated with charcoal
stripping of the antigen bound to the antibody.
Measurement of

pH

in Medium During the Incubation Period

The B2 medium was heated to 37°C for 1 hour.

The 24-

well culture plates were also preheated to the incubation
test temperature for 1 hour.

This procedure was carried out

prior to incubation of 2 ml of B2 medium without embryos in
each of 12 wells at 38.6°C, 40°C and 43°C with 5% C02, 5% 02
and 90% N or 43°C with 100% C02 for 20 minutes.

The pH was

measured, with an automated pH meter, in each of the 12
wells immediately after the incubation period.
Statistical Analysis
Chi-square analysis was used to detect differences be
tween treatments in number of embryos hatched at 60 hours
after the onset of co-culture and percentage of viable emb
ryos present at 48 and 60 hours of co-culture.
Repeated measure analysis of variance was used to
examine the effect of treatment and time on RED scores and
can be described as follows:
Yijk = M + <*, +

+ Qtfij + eijk

where Y.jk represents the assigned score,
a,- is the ith treatment effect,

p

the overall mean,

is the jth time of measure
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ment effect, a/J^. is the interaction effect between time and
treatment and e.Jk is the residual subplot effects.

The pH

was analyzed in a complete randomized design which involved
the unique effect of treatment (a.) .

PGE2 production was

analyzed for the effects of group, temperature, group by
temperature, treatment within group by temperature, time of
sample measurement, and its interaction with group and
temperature.
In this analysis there were three group levels identif
ied by (1) PGE2 levels in the presence of embryos in the co
culture system,

(2) no embryo in the co-culture system and

(3) PGE2 levels in the presence of B2 medium alone.

The

temperature effect examined pertained to the two incubation
temperatures used from the onset of co-culture (38.6 and
40 °C).
Results
The percent of embryos viable at 48 hours after the
onset of co-culture was similar in all treatments (Table
22).

However, by 60 hours of culture there were significant

differences among treatments.

In both T3 and T4 96% of the

embryos were classified as viable and these were greater
(P < .05) than 25% in T2 and 70% in T3.

The number of

viable embryos in T, (70%) was greater than the number of
embryos in T2 at 60 hours of in vitro culture.
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TABLE 22. VIABILITY ASSESSMENT OF BOVINE EMBRYOS BY
TREATMENT AT 48 AND 60 HOURS IN CULTURE

Treatment

Time in culture
48 Hours
60 Hours
0 Hours
Viable
%
Viable %
Viable %

T, (38.6°C in 5% C02)

27

100

23

85°

19

70®

T2 (40°C in 5% C02)

27

100

24

a
00
00

7

25b

T3 (43°C in 5% C02)

27

100

26

96°

26

96°

T4 (43"C in 100% C02)

27

100

26

96®

26

96c

®‘cMean values in the same column with different super
scripts were different (P < .05).
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There was a significant effect of time in culture and
treatment on the RED scores.

Mean RED scores for embryos in

co-culture at different time periods are presented in Table
23.

After 24 hours following the onset of co-culture there

was no difference (P < .05) in mean RED scores evident
across treatments.

The embryos in Tlf however, tended to

lag in morphological development by 24 hours in culture.
After 36 hours in culture there were significant differences
in mean RED scores among treatments.

Embryos in T2, T3 and

T4 had a greater (P < .05) mean RED scores than embryos
cultured in T,.

However, there was no difference (P > .05)

in mean RED scores among T2, T3 and T4 after 36 hours in
culture.

Although a difference in mean RED scores among T2,

T3 and T4 was not evident (P > .05) at 48 hours, T3 and T4
did have greater (P < .05) mean RED scores than did embryos
in T,.
After 60 hours in culture the mean RED score for embry
os in T2 dropped markedly (P < .05) from the previous read
ings at 48 hours.

This was likely the cause of the statis

tical interaction (P < .001) noted between treatment and
time in culture.

This was caused by the death of embryos

after hatching.
The culture of embryos in B2 medium at 43 °C with 5% C02
or 100% C02 was not detrimental to the viability of embryos
at 60 hours following the onset of co-culture when compared
with control embryos co-cultured continuously at 38.6°C
during the same interval (Figure 20).

After embryo culture
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TABLE 23.

MEAN RED SCORE FOR BOVINE EMBRYOS BY TREATMENT
ACROSS TIME IN CULTURE
Time in culture

(hours )

Treatment
T1 (38. 6 0C in 5%C02)

24
1.43a

36
1.708

48
2.83°

60
3.06a

T2 (40°C in 5% C02)

1.70a

2.36b

3.10a,b

0.65b

T3 (43 °C in 5% C02)

1.61a

in
00•

3.30b

4.12c

T4 (43 °C in 100% C02)

1.63°

2.75b

3.60b

4.55c

a"cMean values in the same column with different super
scripts were different (P < .05).

T

^

Tg (40° C in5 % COg)

-H I

T3 (43°Cin5%C02)

^

(38.6° C in5% COg)

T4 (43°Cin100%C02)

1

Mean

RED Score (1 to 5)

[]

1
0

I
I

24

36

48

i
60

Time in Culture (hours)

Figure 20. Mean RED scores for bovine embryos by treatment across
time in co-culture.
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at 43°C and 100% C02 for 20 minutes in B2 medium and sub
sequent co-culture in B2 medium on oviductal epithelial
cells at 37°C and 5% C02 (T4), 78% (21/27) of the embryos
hatched by 60 hours.

This hatching rate was significantly

greater (P < .05) than 33% (9/27) of the embryos that hatch
ed by 60 hours with the co-culture system maintained at
38.6-C (T.,) .
In contrast, there were only 11% (3/27) hatched embryos
that appeared viable in T2 after sustained co-culture at
40°C, which was less ( P < .05) than that in any of the other
treatment groups (Tir T3 and T4) .

In T3 (pulse treated at

43°C with 5% C02) 48% (13/27) of the embryos were hatched at
60 hours.

No significant differences were detected between

this pulse-treated group and those that hatched in T1 after
sustained co-culture at 38.6°C (33%).
Thirteen T2 embryos hatched during co-culture at 40“C
but only three of these were classified viable after 60
hours.

Although the number of embryos hatched at 60 hours

was not significantly different between T, (9/27) and T3
(13/27), the RED score for T3 was significantly greater than
that for T1.

This was likely the result of embryo death,

which was 30% in T1 and 4% in T3 at 60 hours.
There was a significant effect of time in culture (P <
.001) on the production of PGE2 (Figure 21) .

The quantity

of PGE2 produced in both the first and second 4-hour periods
of incubation was greater (P < .05) in all treatments (ex
cept T5) compared with subsequent 4-hour intervals across
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Figure 21. Mean PGE2 production for bovine embryos by treatment across
time in culture.
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all treatments.

The decline in PGE2 after the first 8 hours

of culture was uniform for all treatments.

The quantity of

PGE2 in the B2 medium was low at all time periods (mean =
.117 ng/ml) and there was no difference (P > .05) between
treatments within sampling periods.

The quantity of PGE2 in

medium recovered from oviductal cells alone followed a sim
ilar trend at each of the time periods as that with embryos
in co-culture with oviductal cells.

However, there was ev

idence (P < .06) of an overall additive effect on PGE2 pro
duction by the presence of embryos in the co-culture system.
The mean (±SE) for PGE2 production with all embryos in
the co-culture system was 7.91 ± .42 ng/ml and this was
greater than 5.91 ± .77 ng/ml with no embryos in the co
culture system.

There was also some evidence (P < .09) of

an effect of treatment on the mean PGE2 production.

The

mean PGE2 production with oviductal cells in the presence of
the B2 medium (T6) (5.91 ± .77 ng/ml) was similar to embryos
cultured either continuously at 38.6°C (T.,) (7.42 ± .86) or
at 38.6°C after a prior heat stress (43°C) with 100% C02 for
20 minutes (T4)

(6.03 ± .83) .

However, the mean PGE2 pro

duction was 9.75 ± .85 and 8.51 ± .83 ng/ml in T2 and T3,
respectively, and was greater (P < .05) than the means for
T4 and T5.
The mean pH of the B2 medium after 20 minutes incuba
tion at 43°C and 100% C02 (T4) was 6.3.

This was signif

icantly less (P < .001) than 7.4 for B2 medium after culture
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at 38.6 °C, 40°C and 43°C with 5% C02 in T1# T2 and T3, re
spectively.
Discussion
When an acute stress was applied to embryos prior to
co-culture the RED scores were increased compared with con
trol embryos in sustained co-culture at 38.6°C.

Although

embryos placed under a chronic heat stress at 40°C had a
greater RED score initially compared with control embryos
but had lower RED scores at later stages of development.
This was likely due to embryo death.

The pattern of PGE2

production was similar across treatments during the first 24
hours of co-culture and declined significantly with time in
co-culture.
The RED score is a new and unique system for scoring
embryos.

It incorporates both the stage of development of

the embryo and the quality grade of the embryo at that stage
in one value.

The advantage of the RED score compared with

assigning a viable/nonviable score is that the rate of
development can be considered in the analysis for the effect
of treatments.

In this experiment there were no differences

in viability at 48 hours across treatments, however, but the
RED score was able to detect differences between treatments
at this stage in culture.

At 60 hours of co-culture there

was complete agreement between the RED score and embryo
viability among treatments.

After continuous co-culture of embryos at 40°C for 60
hours, 48% of the embryos hatched but only 11% remained
viable.

This was significantly less than 33% viable appear

ing hatched embryos after co-culture at 38.6°C for 60 hours.
Chronic elevation of temperature above the normal range
(cattle) during in vitro culture resulted in a high inci
dence of embryo death shortly after hatching.

This finding

agrees with recent in field studies that reported the stages
of embryo mortality in dairy cows during the hot summer
months in Saudi Arabia (Ryan et al., 1990a).

In the latter

study embryo viability during the hot season was reduced
from 59% at days 6 and 7 to 27% at days 13 and 14 of gesta
tion.

However, during the cool season there was no reduc

tion in embryo viability detected between days 6 and 14 of
gestation.
In the present study, embryos co-cultured at 40°C had a
greater mean development score at 36 hours when compared
with embryos co-cultured at 38.6°C.

Between 48 and 60 hours

of co-culture at 40°C there was a significant reduction in
viability of embryos associated with death of hatched blast
ocysts .

Previously, small elevations in incubation temper

ature (from 37° to 39°C) have been associated with an in
crease in the mitotic cycle and the cellular metabolic rate
(Sisken et al., 1965).

The cleavage rate of mouse embryos

has also been shown to increase by elevating the incubation
temperature from 37° to 39°C (Lavy et al., 1988).
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These findings suggest that embryos exposed to elevated
body temperatures may develop at a faster rate to the hatched-blastocyst stage but then rapidly degenerate.

Dunlap and

Vincent (1971) reported that pregnancy rates were 48% in
beef heifers with a rectal temperature of 38.5°C compared
with 0% in beef heifers with a rectal temperature of 40°C
after exposure to an environmental temperature of 32.2°C for
a 72-hour interval after insemination.
Unfortunately, most of the reports on genital tract pH
of farm animals have used slaughter house specimens to
measure the uterine fluid pH.

Blood flow to the reproduc

tive system has been shown to be reduced under heat stress
in both sheep and cows (Oakes et al . , 1976; Reynolds et al.,
1985).

This may raise the partial pressure of carbon diox

ide (pC02) in the cells and thus may reduce the cytoplasmic
buffering power to maintain pH within the physiological
range.

The number of implantation sites was reduced in the

mouse when blood flow to the uterus was reduced (Senger et
al., 1967).
Lardy et al. (1940) reported a mean pH of 6.8 (range
6.6 to 7.15) in the uterine tract of the cow.

During di-

estrus the pH of the oviduct of ewes have been reported to
range from 6 to 6.4 (Hadek, 1953) and when CL were present
the mean pH of uterine fluids of the mare was 6.4 (Dybing,
1937).

There is a need to identify the normal in vivo pH

range of oviductal and uterine fluids during the early
development period of the embryo while in both the oviduct
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and uterus.

This information should be evaluated for use

with in vitro culture systems.

Using miniaturized pH elec

trodes Maas et al. (1977) have measured pH in the oviduct of
rhesus monkeys and noted that the pH remains constant during
the follicular phase but that a sudden increase in pH was
associated with the time of ovulation.
An atmosphere of 5% C02 is generally used for in vitro
culture of mammalian embryos, however, this has not been
proven to be optimal for embryo development.

Development of

8-cell hamster embryos in vitro was improved by using a 10%
C02 gas atmosphere compared with that of a 5% C02 gas atmo
sphere (Carney and Bavister, 1987).

It was hypothesized

that the C02 was acting as a weak acid to maintain a more
favorable pH for the developing embryos.

They substituted

the nonmetabolizable weak acid, 2,4-dimethyloxazolidinedione
(DM0), for the elevated C02 concentration in their study.
Embryos placed in culture medium with DM0 and 5% C02 were
developed faster than control embryos in medium with 5% C02.
One possible explanation for results reported herein
may be that an elevation in temperature and a reduction in
pH may have altered gene expression and induced the produc
tion of heat shock proteins.

When day-6 rabbit blastocysts

were heat shocked at 43°C for 2 hours, the incorporation of
labeled amino acid was reduced by 0 to 50% but the labeling
of a 70 kilodalton HSP was increased (Heikkila et al.,
1985a).

It is proposed that the production of HSPS protects
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the embryo against the toxic effects of elevated temperature
and possibly other types of cellular stress.
The ubiquitin HSP can be induced by heat shock in both
yeast culture and chickens (Lindquist, 1986) and is proposed
to remove denatured protein from the cell through its pro
tease activity.

The HSPS are proposed to prevent the pro

duction of protein aggregates or disaggregates them after
formation.

Therefore, the expression of HSPS may have re

moved toxic breakdown products in cells of recovered bovine
embryos allowing the cell components to remain metabolically
active.

Embryos could then proceed at a faster rate to the

hatched blastocyst stage after heat shock.

However, HSPS

expression and physiological function needs further investi
gation.
When cells are heat shocked by an acute elevation in
incubation temperature, thermotolerance is likely induced.
This allows cells to acquire a resistance to a subsequent
heat challenge.

When fibroblasts of the Chinese hamster

were heat treated for 6 minutes at 46°C, protein synthesis
was reduced but recovered over a 24-hour incubation period
at 37°C (Li and Werb, 1982).

The major HSPS produced after

heat treatment were 70, 87 and 97 kilodalton proteins.

Sub

sequent challenge with a heat treatment of 45°C resulted in
a cell survival of 102 to 106 times greater in cells where
thermoto1erance was induced.
In the culture system used in this study, HSPS may have
been produced as a result of elevated temperature or elevat
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ed temperature and reduced pH.

Although the cells were not

exposed to a subsequent heat challenge, the improved embryo
survival may be explained by induction of thermotolerance
providing protection toward other stresses within the envi
ronment .

A true test of an 'optimal' jjn vitro culture sys

tem for embryos may be rates of embryo development similar
to that of embryos induced to produce HSPS.
Further research is required to identify if HSPS are
produced after reducing the pH of the culture medium or if
the improved rate of development is associated with a reduc
tion of the pH,- of the embryo.

The pH,- could be measured

using fluorescent probes (Whitaker et al., 1988).

The

induction of HSPS and thermotolerance in embryos prior to
transfer to a recipient may increase tolerance to an atypi
cal environment and therefore increase pregnancy rates.
This may be particularly beneficial in countries where preg
nancy rates in animals are seasonally reduced due to envir
onmental heat stress.

If embryos were exposed to an acute

stress prior to recipient transfer, it may reduce the sea
sonal reduction in pregnancy rates due to environmental
stress.
The atypical pattern of PGE2 production by embryos
during the first 24 hours of co-culture was not expected.
The significant reduction in PGE2 production after the first
4 hours of oviductal cell culture, in the presence or ab
sence of embryos, may be explained by the removal of fetal
calf serum from the culture medium.

The serum may also
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contain platelet activating factor (PAF).

Arachidonic acid

can be stored at the inner cell membrane of blastomeres and
it is proposed that PAF can change arachidonic acid to PGE2.
PGE2 has been shown to be luteotrophic to both ovine (Silva
et al., 1984) and bovine luteal cells (Cavalcoli et al.,
1990) .

PGE2 increases the level of cyclic AMP, which is

important in virtually all cellular functions of somatic
cells (Maia et al., 1976).
The reduction of PGE2 production during the first 24
hours of co-culture in the present study may have placed a
stress on the embryos that the initial acute stress enabled
the embryos to tolerate.

In contrast, no PGE2 production

was detectable from culturing viable day 6 or day 9 caprine
embryos (Pool et al., 1989).
In summary, a chronic increase in environmenta1 temper
ature initially increased the rate of development but resul
ted in embryo death following hatching.

A reduction in pH

and/or an acute elevation in temperature increased the rate
of bovine embryo development in vitro in this study.

Fur

thermore, the pH of the B2 culture medium was reduced sig
nificantly by the elevation in C02 concentration in the
atmosphere to 100% for 20 minutes.
The production of PGE2 in the co-culture system showed
some evidence of an additive effect of embryos on PGE2 pro
duction.

Less PGE2 was produced by embryos in co-culture

that received either an acute heat stress with 100% C02 or
were cultured continuously at 38.6°C compared with embryos
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co-cultured continuously either at 40*C or at 38.6°C after
an acute heat stress with 5% C02.

However, the levels of

PGE2 production decreased significantly during the first 24
hours of co-culture.
Bovine embryos at the morula stage had greater embryo
viability and RED scores at 60 hours of co-culture after an
acute stress prior to culture compared with control embryos
cultured continuously at 38.6°C.

Heat shock may increase

pregnancy rates where marked conceptus loss occurs after the
morula stage of development.
study for farm animal embryos.

This idea warrants further

CHAPTER VII
SUPERSTIMULATION OF PREGNANT COWS
Introduction
The practice of superovulation is used to increase the
number of embryos harvested from a fertile female.

The

practice of superovulation for embryo recovery, however, has
been shown to increase the calving interval of the dairy cow
donor by «60 days (Bak et al., 1989).
In developing countries, where a seasonal demand for
milk and milk products occurs in the summer months the calv
ing pattern has to be adjusted so that the females calve
prior to the hot season.

To maintain a 365-day calving int

erval pregnancy rates must be maximized in the hot summer
season.

If superior donor females are superovulated to

provide embryos for transfer at the onset of the hot season
to lower producing recipient females then the normal calving
interval is increased in the genetically superior donors.
In addition, these superior females are generally not avail
able at a suitable time in the following year for superovu
lation and embryo recovery.
A notable number of the oocytes (»34%) ovulated follow
ing superovu1ation of beef donor females have been shown not
to enter the oviduct (Looney, personal communications).
Boland et al. (1986) have reported that immunization of ewes
against androstenedione, which has been shown to increase
the ovulation rate, resulted in a decrease in ovum recovery
173
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rate 2 days after mating.

Therefore, it appears that as the

number of ovulations increase, the proportion of oocytes
that reach the oviducts for fertilization decrease.

This

may be a physical problem associated with the ability of the
infundibulum being unable to surround the enlarged stimul
ated ovary at ovulation.

Therefore, if oocytes could be re

covered prior to the time of ovulation, it could increase
the number of embryos recovered per donor.
Hawk and Tanabe (1986) and (Saacke et al., 1988) re
ported that fertilization rates and numbers of accessory
sperm present in the zona pellucida were lower in ova recov
ered from superovulated compared with single-ovulating
females.

Saacke (1989) proposed that hormonal treatment in

the superovulation regime may have interfered with sperm
transport or reduced the longevity of sperm viability.

This

was proposed to have resulted in subthreshold levels of
sperm at the site of fertilization and abnormal sperm gain
ing access to the ovum resulting in early embryo mortality.
Therefore, it may be beneficial to recover the oocytes from
gonadotropin-stimulated females prior to the time of ovula
tion for in vitro fertilization.
Recent advances in in vitro fertilization (IVF) in
cattle (Brackett et al., 1982, Parrish et al., 1984, Lu et
al., 1987) has stimulated a great deal of interest in ex
panding this methodology to genetically superior dairy and
beef cattle.

The current practice of collecting oocytes

from donors at slaughter would not be acceptable for high
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producing donor females.

Collecting oocytes in vivo from

these females during pregnancy may be an alternative method
of obtaining gametes for IVF.
The first objective of this experiment was to use gon
adotropins to induce follicular growth in mature beef fe
males during various stages of gestation.

The second objec

tive was to verify that pregnancy can be maintained follow
ing ovarian hyperstimulation ovaries.

The third objective

was to verify oocyte competency by IVF procedures and to
evaluate embryo co-culture methodology in vitro.
Materials and Methods
Superstimulation of Females
A group of pregnant (n=36) and nonpregnant (n=18),
mixed breed beef females (>18 to <96 months of age), in good
body condition, was selected from a larger pool of commer
cial-type beef cattle for use in this experiment.

These fe

males were previously exposed to fertile males and the stage
of gestation was determined by mating records and verified
by ultrasonography (LS-1000®: Tokyo-Keiki, Japan) with a 5
MHz probe.

Prior to treatment the diameter and number of

follicles was recorded by ultrasonography using either a 5
or 7.5 MHz probe.
Cyclic females in Treatment A were administered FSH
(FSH-P®: Schering Corporation, Kenilworth, NJ) in descend
ing dose levels (6, 5, 4, 3 and 2 mg) twice daily for five
consecutive days starting on days 10 to 12 of the estrous
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cycle.

On the morning of the fourth FSH treatment day, a

single 25 mg dose of PGF2a (Lutalyse®: Upjohn, Kalamazoo, NJ)
was administered to each female to induce luteolysis.
Pregnant females in Treatment B were administered the same
FSH treatment schedule for five consecutive days at each
trimester of gestation, but were given an equal volume of
carrier vehicle in place of the PGF2a at the time of the
seventh FSH injection.

Cows at similar stages of gestation

in Treatment C were handled in the same manner but were not
administered FSH or PGF2a (Table 24).
Following an interval of 12 hours from the last FSH
injection, transrectal measurement of ovarian structures by
ultrasonography was performed in all females.

The follicles

(> 3mm) on each ovary were measured and the number recorded.
Correspondingly, in the gonadotropin-stimulated second and
third trimester pregnant females, ovarian structures were
examined by ultrasonography 7 days after treatment to evalu
ate accessory corpora lutea (CL) formation.
All gonadotropin-treated pregnant females were monit
ored until the end of gestation to identify any adverse
effects on the conceptus.
Oocyte Recovery from First Trimester Superstimulated Preg
nant Females
A mid-flank incision was performed in first trimester
pregnant females, treated with gonadotropins, on the side
ipsilateral to the CL.
for follicle aspiration.

The ovaries were then exteriorized
A 22-gauge hypodermic needle
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TABLE 24.

EXPERIMENTAL DESIGN FOR GONADOTROPIN TREATMENT
OF PREGNANT CATTLE

Trimester
II
III

Treatment
Carrier
vehicle PGF2a

Treatment
group

I

A Nonpregnant,no.

6

7

5

+

+

+

B Pregnant,no.

6

7

5

+

+

-

C Pregnant,no.

6
18

7
21

5
15

—

+

—

FSH

aTrimester of pregnancy: I = 30 to 90 days of pregnancy,
II = 90 to 180 days of pregnancy, III = 180 to 210 days of
pregnancy.
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attached to a 3 ml syringe was passed into follicles to
aspirate liquor folliculi.

The liquor folliculi was then

used to flush the follicular cavity two to three times.

The

fluid was then placed in a sterile petri dish to recover the
oocytes.

In three females the contralateral ovary could not

be exteriorized for follicle aspiration.

In these females

the ovary was removed and the follicles were aspirated in
the laboratory.
Oocvte Maturation
The oocytes were washed twice and pooled in HEPES-buff
ered Ham's F-10 medium (HF-10).

This medium contained 20 mM

HEPES (Sigma, St. Louis, MO) and 1% antibiotic antimycotic
(AB-AM)

(Gibco, Grand Island, NY).

per drop) were placed in 50

(xl

The oocytes (10 to 15

drops of Menezo1s B2 medium

(API System, Montalieu Vercieu, France) containing 20%
estrual cow serum and 1% crystalline penicillin (Gibco,
Grand Island, NY) under equilibrated silicone oil.

The

oocytes were then incubated for 6 hours at 39°C.
Semen Enrichment
The semen was enriched following the basic procedure
previously described by Parrish et al. (1984,1985).

Extend

ed bovine semen (.5 ml) from four different bulls was thawed
at 39°C for 30 seconds for evaluation.

The straw contents

were then pooled in a 15 ml conical centrifuge tube and
centrifuged at 200 g for 10 minutes.

The sperm cell pellet

was recovered and washed twice in Modified Tyrodes1 medium
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(Sperm Talp)

(Appendix 9) and then resuspended in .3 ml of

Sperm Talp in two 5 ml plastic tubes and incubated at 39°C
for 1 hour.

The top 2.5 ml of medium was removed from each

tube and pooled in a 15 ml conical centrifuge tube.

This

semen enriched fraction was centrifuged at 200 g for 10
minutes.

The cell pellet was resuspended at a concentration

of 1 x 106 motile sperm cells per ml in Sperm Talp.
In Vitro Fertilization
The oocytes were fertilized in vitro following a basic
procedure previously described by Parrish et al. (1984).
After the 39°C incubation period the oocytes were placed in
50

pi

drops of modified Tyrodes1 Medium (IVF Talp)

(Appendix

9) containing .2 #tg/ml heparin (Sigma, St. Louis, MO) under
equilibrated silicone oil.
Hi

Concentrated enriched semen («4

or «30,000 sperm cells) was added to each drop.

The

drops were then incubated for 18 hours at 39°C in an atmo
sphere of 5% C02 in air.
Embrvo Culture
Sixty ova were removed from the incubation drops and
allocated at random to one of three culture systems.
I.

Chicken Embryo Co-culture

Preparation of in vitro chicken embrvos
Fresh fertile eggs from Leghorn hens were rinsed with
70% ethanol solution.

The eggs were then incubated for 3

days in a commercial incubator at 37.5°C.

This incubator
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rotated the eggs to prevent adhesion of the egg contents to
the shell membrane.

After 3 days of incubation the eggs

were rinsed with 70% ethanol and allowed to air dry.

The

eggs were then coated with a Betadine solution (Purdue Fred
rick Company, Norwald, CT) and allowed to air dry in a hor
izontal position.

This allowed for correct positioning of

the chicken embryo to remove it from the shell.
The egg was then attached to two pieces of medical
adhesive tape stretched across the jaws of a pair of 200 mm
surgical retractors.
(300 x 300 mm)

A piece of cellophane kitchen wrap

(Saran®: Dow Chemical, Midland, MI) was then

placed over a plastic drying dish under a laminar flow hood.
The egg was cracked by striking the area of shell between
the pieces of tape against the rim of a sterile beaker and
the egg contents were released by opening the retractors.
Any excess cellophane was removed and the drying dish, with
egg contents, was placed in a second drying dish and covered
with a plastic lid.

The chicken embryo was then incubated

for 24 hours at 37°C with an atmosphere of 2% C02 in air
prior to culturing the bovine embryos.
Injection of agarose-embedded embryos into the chicken am
nion
The procedure for embedding the bovine embryos was
similar to that described for mammalian embryos by Blakewood
et a l. (1989).

Low-melting-point, electrophoresis-grade

agarose (15 mg)

(Bethesda Research Laboratories, Gathers-

burg, MD) was added to 1 ml of Dulbecco's phosphate-buffered
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saline (DPBS)

(Gibco, Grand Island, NY) and dissolved by

wanning to 75°C for 10 minutes.

The agarose was then filt

ered through a .2 /urn acrodisc, cooled to 50°C and 10

pi

of

the AB-AM solution was added.
Twenty oocytes previously placed with enriched semen
for 18 hours were then added to the 50 /zl droplets of agar
ose.

Four embryos were added to each 50

pi

droplet.

The

embryos in agarose were then aspirated into a beveled glass
pipette (200

pm

i.d.) and cooled to 25°C to allow the aga

rose to gel.
Using a stereomicroscope and an overhead light source
the 96-hour shell-less chicken embryo amnion was visualized.
The agarose-embedded embryos were expelled into the amnion
by manually piercing the amniotic membrane using the beveled
pipette.

The chicken

bator for 84 hours at

embryos were placed back in the incu
37°C with 2% C02 in air.

Bovine embrvo recovery
The shell-less chicken embryos were removed from incu
bation after 84 hours.

The chorioallantoic membrane was

raised with a sterile forceps and the chicken embryo and
amnion was lifted away from the rest of the egg contents
using a sterile spoon.

The amnion containing the chicken

embryo was then washed twice with 5 ml of DPBS, containing
1% fetal bovine serum

(FBS) (Gibco, Grand Island, NY) and 1%

AB-AM per ml of DPBS solution, before visualizing the aga
rose cylinders in the amniotic cavity using a stereomicrosc
ope at 10X magnification.

The agarose cylinders were re
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moved from the amniotic cavity using two 22-gauge beveled
hypodermic needles to manually make an opening in the amni
otic membrane near the agarose cylinders, allowing the amni
otic fluids to escape carrying the agarose cylinders into
the surrounding DPBS medium.

The bovine embryos were then

recovered from the agarose cylinders.
Viable-appearing embryos were placed back in agarose
and injected into a second 4-day chicken embryo amniotic
cavity for 66 hours at 37°C and 2% C02 in air.

After the

second recovery the embryos were washed twice in DPBS medium
and evaluated.

Viable-appearing bovine morulae were then

transferred to the ipsilateral horn of a mixed breed beef
female on day 7 of the estrous cycle (estrus = day 0).
II.

Co-culture on Goat Oviduct Monolayer

Preparation of goat oviduct monolayer
The reproductive tract was surgically removed from a
mature, luteal phase doe and placed in physiological saline
at room temperature.

The oviducts were aseptically removed

and washed three times in Tissue Culture Medium-199 (TCM199) (Gibco, Grand Island, NY) containing 1% AB-AM.
Oviductal monolayers were prepared following procedures
previously described in this laboratory by Prichard et al.
(1990) .

Each oviduct was flushed with .25% trypsin (Gibco,

Grand Island, NY) using a 20-gauge needle attached to a 1-ml
syringe.

The oviducts were then filled with .25% trypsin

and the distal ends of the oviducts were clamped with a pair
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of hemostats (Figure 19).

The oviducts, containing .25%

trypsin, were then incubated in an atmosphere of 5% C02 in
air for 10 minutes.

The medium was then drained from the

oviducts into a centrifuge tube containing 5 ml of TCM-199
with 1% AB-AM.

The medium was then centrifuged at 1,500 rpm

for 15 minutes and the supernatant was discarded.

The cell

pellet was resuspended in 5 ml of TCM-199 with 1% AB-AM and
centrifuged for 15 minutes.

The supernatant was removed and

the cell pellet was resuspended in TCM-199 containing 10%
FBS and 1% AB-AM.

The cell suspension was then transferred

to a 25 cm2 cell culture flask (Corning®: Corning Glassware,
Corning, NY) and incubated at 37°C with 5% C02 in air.
After reaching confluency, the oviductal cells were counted
using a hemocytometer and 200,000 cells were passed on to
each additional flask.
Forty-eight hours prior to collection, 100,000 cells
were placed into wells of a 24-well cell culture dish (Gibcoware®: Gibco, Grand Island, NY).

Two ml of TCM-199 con

taining 10% FBS and 1% AB-AM was then added to each well.
The medium was changed in each of the wells 2 hours prior to
embryo collection.
Embryo co-culture
Twenty oocytes previously placed with enriched semen in
IVF Talp for 18 hours were placed in wells containing the
goat oviduct monolayer and the TCM-199 co-culture medium.
Three embryos were placed in each well of a 24-well culture
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plate.

The co-culture medium was replaced 72 hours after

the onset of incubation.
III.

Culture in the Goat Oviduct

An estrual doe was anaesthetized for surgical transfer
following procedures previously described in this laboratory
(Pendleton et al. 1987).

A mid-ventral incision was made to

exteriorize the reproductive tract.

Twenty oocytes prev

iously placed with enriched semen and IVF Talp for 18 hours
were embedded in agarose (5 oocytes per agarose cylinder).
The agarose cylinders were loaded in a catheter and two
cylinders were placed in each oviduct via the ostium abdominale.

The proximal and distal ends of each oviduct were

ligated to retain the cylinders in the oviduct.
The doe was again anaesthetized 7 days after introduc
tion of sperm and oocytes to surgically remove the agarose
cylinders.

Viable-appearing embryos were then transferred

to the ipsilateral horn of a beef female on day 7 of the
estrous cycle.

Pregnancy was diagnosed by ultrasonography

23 days after embryo transfer.
Statistical Analysis
Analysis of variance was used to examine the effect of
treatment, trimester of pregnancy and the presence of the
corpus luteum (CL) on the superstimulatory response and can
be described as follows:
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where YfJkl is the observed number of follicles,
overall mean,

is the effect of ith treatment,

n

is the
is the

effect of jth trimester of pregnancy, at/9,. is the interaction
effect of the ith treatment and jth trimester of pregnancy,
a (a/3).jk is the effect of the kth cow nested in the ith treat
ment and jth trimester of pregnancy,

is the effect of the

presence or absence of a CL on the ovary, a£u is the inter
action effect of ith treatment and 1th presence of CL on the
ovary,

0 6 ik

is the interaction effect of jth trimester of

pregnancy and 1th presence of CL on the ovary,

is the

three way interaction effect of ith treatment, the jth tri
mester of pregnancy and the 1th presence of CL, bfXj-x) is
the regression of initial number of follicles on the subse
quent superstimulatory response and Sijkl is the residual
error.

A similar model, which excluded the effect of the

presence of CL and the regression effect was used to evalu
ate the effect of treatment and trimester of gestation on
the diameter of follicles.
Duncan's multiple range test was used to test differ
ences between means of class variables in each of the mod
els.

Chi-square analysis with Yates' correction factor for

continuity (Parker, 1976) was used to test differences
between culture treatments for viability of embryos at the
2-cell and morula stage of development.
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Results
Follicle Development
There was an effect of treatment (P < .01) but not an
effect of the trimester of gestation (P > .1) on the number
of follicles formed per ovary (Appendix 11).

When females

were superstimulated with FSH, the mean (±SE) number of
follicles per ovary (>3 mm) 12 hours after treatment was 8.1
± .41 in nonpregnant females in Treatment A and this was not
different (P > .10) from 7.7 ± .41 follicles in pregnant
females in Treatment B.

However, both pregnant and nonpreg

nant females had a greater number of follicles per ovary
(P < .05) than the mean of 1.1 ± .41 follicles per ovary in
pregnant females in Treatment C.
There were differences in the number of follicles per
ovary between treatments both within and across trimesters
of gestation.

The mean number of follicles per ovary in

females in Treatment A was 10.7 ± .71 at trimester I and
this was greater (P < .05) than 5.9 ± .71 and 8.1 ± .71 for
females at trimesters II and III, respectively.

Females in

Treatment B and C had mean follicle numbers that were sim
ilar across trimesters of gestation (Table 25).
When trimesters of gestating females were combined in
both Treatment A and B, there were more follicles per ovary
(P < •05) following treatment than for females in Treatment
C.

In trimester I the mean number of follicles per ovary of

females in Treatment A was 10.7 ± .71 and was greater (P <
.05) than the mean of 8.3 ± .66 follicles per ovary of
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TABLE 25. THE EFFECT OF TREATMENT AND TRIMESTER OF GESTAT
ION ON THE MEAN (±SE) NUMBER OF FOLLICLES (>3 mm) PER OVARY

Trimester
of gestation
I

Time

III

C

.66
±.27

1.33
±.37

1.00
±.37

10.66®
±.71

8.33®
±.66

.58®
±.78

Prior
to—FSH

.92
±.16

1.07
±.28

1.42
±.40

12 hours
post-FSH

5.85b
±.71

7.43®
±.66

1.85®
±.78

Prior
to-FSH

.90
±.23

.90
±.23

.60
±.22

12 hours
post FSH

8.10c
±.71

7.40®
±.78

.70®
±.78

Prior
to FSH
12 hours
post-FSH

II

A

Treatment Grouo
B

°'b'cMeans in the same column following treatment with
different superscripts are different (P < .05).
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females in Treatment B.

In both trimester II and III of

gestation the mean number of follicles per ovary was similar
for females in Treatment A and B (Figure 22).
In the analysis of covariance for the number of fol
licles formed after treatment, the interaction effect of
trimester of gestation and presence of a CL had an associat
ed F probability = .6.

For this reason, these were and was

therefore dropped from the model to increase the error
degrees of freedom for testing the effect of the presence of
a CL on the number of follicles per ovary.

There was some

evidence (P = .10) of an effect of the presence of a CL on
the number of follicles per ovary after treatment.

The mean

number of follicles per ovary was 5.2 ± .32 in the presence
of a CL and 6.1 ± .34 follicles per ovary where no CL was
present on the ovary.
Interaction effects of trimester and treatment, treat
ment and the presence of a CL and the three way interaction
of trimester X treatment X presence of a CL were not sig
nificant (Appendix 11).

There was also no evidence of an

effect of the initial number of follicles on the number of
follicles present following treatment.

The mean number of

follicles per ovary prior to treatment was 1.1, 1.0 and .8
in Treatment A, B and C, respectively (Table 25).
Diameter of Developing Follicles
The mean diameter of follicles following treatment was
8 mm.

There was a significant effect of the trimester of

gestation on the diameter of follicles.

However, there was

15

I

□

Cyclic + FSH

H

Pregnant + FSH
Pregnant No FSH

v.

<D
CO

10

o

a
"o

Jbl

a

a

U_

t
<D

E 5
=j
z
c
(0

0k

lliil
llliil
iiS iiS S ® ?

■ii

CD

b

Ills
c
■ 1
___ i2223.

1

v/<•
2

3

Trimester of Gestation
Figure 22. Mean number of follicles per ovary (>3mm) for mixed breed beef
females treated with FSH for 5 days starting either mid-diestrus or at one of the
trimesters of gestation. Means within each trimester of gestation with different
letters (a,b,c) are different (P < .05).
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no evidence (P > .10) of an effect of treatment nor an
inter-action effect of trimester of gestation and treatment
on the diameter of follicles (Appendix 12).

The mean diame

ter of follicles at trimesters I, II and III of gestation
was 7.9 ± .12f

1

.0 ± .12 and 9.5 ± .14 mm, respectively and

were all different ( P < .05) from each other.
There were differences in diameter of follicles between
treatments both within and across trimesters of gestation.
In Treatment A the mean diameter of follicles was 9.9 ± .19
mm at trimester I and this was greater (P < .05) than 7.2 ±
.15 mm and 8.2 ± .20 mm in trimesters II and III, respec
tively.

In Treatment B the mean diameter of follicles was

6.5 ± .17 mm at trimester II and this was less (P < .05)
than 8.7 ± .17 mm and 8.8 ± .20 mm at trimesters II and III,
respectively.

In Treatment C the mean diameter of follicles

was 5.7 ± .35 mm at trimester II and this was less (P < .05)
than 8.0 ± .67 mm and 10.4 ± .67 mm at trimesters I and III,
respectively.

Also, in Treatment C the mean diameter of

follicles in females at trimester III was greater (P < .05)
than the diameter of follicles in females at trimester I and
II (Table 26).
In trimester I the mean diameter of follicles was 7.2
± .15 mm in females in Treatment A and this was less (P <
•05) than 8.7 ± .17 mm and 8.0 ± .67 mm in females in Treat
ment B and C, respectively.

In trimester II the mean diame

ter of follicles was 8.2 ± .20 mm in females in Treatment A
and this was greater (P < .05) than 6.5 ± .17 mm and 5.7 ±
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TABLE 26. THE EFFECT OF TREATMENT AND TRIMESTER OF
GESTATION ON THE MEAN (±SE) DIAMETER OF FOLLICLES
Trimester of
gestation
I

Time
Prior
to FSH
12 hours
post-FSH

II

Prior
to FSH
12 hours
post-FSH

III

Prior
to FSH
12 hours
post-FSH

A
10.87
±1.40
7.19a
±.15
10.21
±.32
8.19a
±.20
11.22
±1.27
9.95b
±.19

Treatment arouo
B

C

8.68
±.58

8.54
±.82

8.73a
±.17

8.00a
±.67

6.73
±.84

6.41
±.72

6.48b
±.17

5.73b
±.35

8.77
±1.09
8.82°
±.20

8.50
±.54
10.42°
±.67

a,b'cMeans in the same column following treatment with
different superscripts are different (P < .05).

192
.35 mm in females in Treatment B and C, respectively.

In

trimester III, the mean diameter of follicles was 8.8 ± .20
mm in females in Treatment B and this was less (P < .05)
than 9.9 ± .19 mm and 10.4 ± .67 mm in females in Treatment
A and C, respectively (Figure 23).
Embrvo Development after IVF
After IVF and co-culture of embryos on the goat oviduct
monolayer 6 of 20 embryos (30%) reached the 2-cell stage of
development (Table 27).

Of those reaching the 2-cell stage

of development 2 embryos developed to the early morula stage
(8 to 16 cells) but were morphologically degenerate prior to
day 7 of culture.
Twelve ova were recovered at day 3.5 from the in vivo
chicken embryo culture system.

Three embryos (25%) were at

the 8 to 12 cell stage of development and were transferred
to a second 4-day chicken embryo.

On day 7 all three embry

os were recovered at the morula stage of development.

These

were nonsurgically transferred to the ipsilateral horn of a
mixed breed beef female recipient on day 7 of the estrous
cycle.

However, no viable pregnancy was detectable by

ultrasonography 23 days after embryo transfer.
No agar cylinders remained intact in the goat oviduct
culture system.

Of 20 oocytes transferred to the goat

oviduct, 8 were recovered 7 days after introducing the sperm
cells and the ova.

Of those recovered, 3 of 8 (37%) were

either at the morula (n=2) or the expanded blastocyst (n=l)
stage of development.

After transfer of the three embryos
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Figure 23. Mean diameter of follicles for mixed breed beef females treated with FSH for 5 days starting
either mid-diestrus or at one of the trimesters of gestation. Means within each trimester of gestation
with different letters (a,b,c) are different (P < .05).

194

TABLE 27. DEVELOPMENT OF IN VITRO-FERTILIZED OOCYTES
OBTAINED FROM FIRST TRIMESTER PREGNANT FEMALES
Culture
group
Monolayer
co-culture
%
Chick embryo
co-culture
%
In vivo
goat oviducts
%
Total =

Morula/
blastocyst

No./
group

No.
recovered®

>2 Cell
embryos

20

20
100%

6
30%

0
0%b

20

12
60%

3
25%

3
25%b,c

20

8
40%

3
37%

3
37%c

60

aNumbers of ova recovered from the in vitro culture.
b,cMeans in the same column with different superscripts are
different (P < .05).
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to the ipsilateral horn of a beef recipient female on day 7
of the estrous cycle, no pregnancy was detectable by ultra
sonography 23 days after transferring the embryos.
The mean number of embryos that reached the 2-cell
stage of development was similar across treatments.

Howev

er, at the morula and the blastocyst stages of development
there were differences between co-culture treatments.
Embryo development to the morula stage tended to be greater
(P < .10) in the chicken embryo culture system compared with
the oviductal monolayer co-culture system.

The number of

embryos developing to the morula and blastocyst stages of
development was greater (P < .05) in the in vivo goat ovi
duct culture system when compared with the goat oviduct
monolayer co-culture system.

Embryo development to the

morula and blastocyst stages was similar in both the in vivo
goat oviduct and in vivo chicken embryo culture systems.
Reproductive Performance in Superstimulated Females
Ovarian structures were examined in females in the
second and third trimesters of gestation 7 days following
treatment.

There was no evidence of accessory CL formation

in any of the pregnant females.

All the pregnant females

that were treated twice daily with FSH for 5 days maintained
their luteal function and calved normally.
Discussion
Findings from this study indicate that pregnant cows
responded to FSH, developing supplementary follicles, during
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the first, second and third trimester of pregnancy.

The

superstimulatory response to FSH was similar in all trimes
ters of gestation.

In addition, the response to FSH was

similar in pregnant and nonpregnant cows.
The techniques of rectal palpation, ovarian slicing and
direct measurement of follicles on the surface of the ovary
have been traditionally used to study follicular dynamics in
cattle (Rajakoski, 1960; Ireland and Roche, 1983).

Rectal

palpation is a very subjective measurement technique for
follicle number and size and surgery or slaughter does not
enable repetitive measurements to be taken on the same
animal.

An alternative approach is the use of ultrasonog

raphy.
Pierson and Ginther (1988) reported that ultrasonogra
phy was a reliable technique to identify and measure fol
licles >2 mm in diameter on the ovary.

Also, Ryan (unpub

lished data) has noted that there was 92% agreement between
plasma progesterone concentrations and ultrasonography in
identification of luteal tissue in the postpartum period of
dairy cows.
One of the major problems using gonadotrop ins in super
ovulation regimes for embryo transfer is the inconsistent
response within and between donors (Monniaux et al., 1983).
There was a consistent superstimulatory response at all tri
mesters of gestation in this experiment.

There may not be

an additive effect of endogenous gonadotropins on the super
stimulatory response due to the suppressing effects of end-
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ogenous progesterone secretion on gonadotropin release from
the pituitary.

However, Minoia et al. (1988) reported that

superstimulatory responses in gestating cattle, after treat
ment with pregnant mare serum gonadotropin (PMS6), were
greater at 60 to 70 days of gestation compared with that of
later stages of gestation.
Ireland and Roche (1982) and Padmanabhan et al. (1984)
have reported that, after PGF2a induced luteolysis, both
estradiol and inhibin-like activity increased in the follic
ular fluid and utero-venous plasma of cattle.

Ireland et

al. (1983) reported that inhibin-like activity was present
in follicular fluid and it decreased FSH secretion in ovariectomized heifers.

Inhibin-like activity decreased prior to

the LH surge and corresponded to the surge release of FSH
(Ireland et al., 1983).
In this experiment, however, the follicles were meas
ured at the onset of estrus and thus prior to the LH surge.
Therefore, the endogenous surge release of FSH does not have
occurred to explain the variation in the superstimulatory
response between replicates in open cyclic cows compared
with pregnant cows at different trimesters of gestation.
The diameter of the largest ovarian follicle has been
reported to decrease as gestation proceeds (Casida et al.,
1943; Choudary et al., 1968).

Casida et al. (1943) reported

that the average diameter of the largest follicle decreased
from 12 mm in the second month of gestation to approximately
9 mm at the fifth month and to 4 mm in the eighth or ninth
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month of gestation.

In addition, Choudary et al. (1968)

reported that normal follicles (>2 mm) were not present on
the ovaries of cattle by 243 days of gestation.
Labhsetwar et al. (1964) reported that the total fol
licular fluid weight decreased from 2.38 g at day 260 to 265
of gestation to 1.48 g at 18 hours post-partum.

There was

no evidence from the present studies that the mean number of
follicles per ovary decreased in the advancing stages of
gestation.

Furthermore, there were similar superstimulatory

responses in gonadotropin-treated cattle at all stages of
gestation.

However, the mean diameter of follicles was

greater in the third trimester of gestation compared with
the first and second trimesters.

Also, the mean diameter of

follicles was less in the second trimester of gestation
compared with that of the other trimesters of gestation.
In the cyclic cow it has been reported that there are
two or three follicular waves per estrous cycle (Fortune et
al ., 1988; Knopf et al., 1989).

There is some evidence that

these follicular waves continue during the first trimester
of gestation (Ginther et al., 1989).

These researchers

reported that the interval between emergence of follicular
waves was constant during the first 70 days of gestation in
cattle, ranging between 8.5 and 9.5 days, and was similar to
the corresponding interval recorded for cyclic females.
Also, it was noted that the mean maximum diameter of the
dominant follicle was greater in the first wave one than in
the sixth wave of gestation.
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Pierson and Ginther (1988) have recently reported that
the diameter of the largest and second largest follicle,
present in pregnant heifers, remained constant from days 15
to 60 and days 20 to 60 days of gestation, respectively.
Further studies are needed to determine if similar follicu
lar wave frequency continues during the later stages of
gestation.

The presence of large follicles in the final

trimester of gestation in this study tend to support the
hypothesis that follicular waves continue throughout gesta
tion in beef cattle.
There was some evidence in this experiment that the
presence of a CL on the ovary was associated with a reduced
the number of follicles after treatment.

Rexroad and Casida

(1975) reported that the mean number of large ovarian folli
cles (> 4 mm) on the ovary contralateral to the CL increased
as the crown rump length of the fetus ranged between 71 and
267 mm (third and fourth months of gestation).

Monoia et

al. (1988) also reported less follicular activity in PMSGtreated pregnant cows on the ovary ipsilateral to the CL.
The CL may have a negative effect on follicular development.
This negative effect at the ovarian level may be translated
through to the oocyte (Moor et al., 1980).

These research

ers reported that alterations of the steroid profile in the
follicle during oocyte maturation induced intracellular
changes in the oocyte.

These changes were expressed as

gross abnormalities at fertilization in this case.

Also,

Osborn et al. (1986) reported that by inhibiting 17a-hy-
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droxylase the ratio of progesterone to estrogen and proges
terone to testosterone increased and the rate of meiotic
maturation of ovine oocytes was reduced by one half.
At day 7 after gonadotropin treatment there was no
evidence of CL formation in any of the females during the
second and third trimester of gestation.

It is likely that

the preovulatory surge of LH associated with ovulation may
not have occurred in these females.

However, the FSH treat

ment, in this case, may have had some effect on the matura
tion of the oocytes recovered.
Liebfried-Rutledge et al. (1987) used FSH to stimulate
open cyclic cows and recovered the ovaries 72 to 74 hours
after PGF2a treatment in the superovulation regime.

Of the

in vivo matured oocytes, 40% developed to the 2- and 4-cell
stage of development compared with only 3% for in vitro
matured oocytes.

In this experiment only the larger follic

les (>4 mm) were aspirated and embryo development to the 2cell stage was similar to that reported by Liebfried-Rut
ledge et al. (1987).

Therefore, the changes in the hormonal

environment near the time of ovulation may not be necessary
for oocyte maturation.

Lu and Gordon (1987) reported no

advantage of addition of hormones to the maturation medium
for bovine oocytes and currently exclude their use in the
maturation system.
None of the pregnant females exhibited estrus following
treatment, which is likely associated with the negative
feed-back effect of progesterone on the hypothalami-pitu-

201
itary axis.

Osborn et al. (1986) reported that androstat-

riendione eliminated follicular estrogen secretion but this
had no effect on the rate of in vivo maturation and protein
synthesis of ovine oocytes.
Embryo development to the morula or blastocyst stage
was greater in the chicken embryo and the goat oviduct
culture systems compared with that of the in vivo co-culture
system on the goat oviduct monolayer.

Development to the 2-

cell stage was similar in all of the culture systems and
therefore the differences in development may relate to the
maternal zygotic transition that is proposed to occur at the
4- to 8-cell stage in bovine embryos (Barnes and Eyestone,
1990).
The chicken embryo co-culture system is a novel in vivo
approach to overcoming the time and effort associated with
in vivo culture in the goat or sheep oviduct.

The amniotic

fluids of the chicken embryo may contain embryotrophic fac
tors similar to those found in human amniotic fluids (Ball
et al., 1988).

These factors may enable the embryo to de

velop past the maternal zygotic transition.
Flank incision for recovery of oocytes in cattle is
considered not to be an acceptable alternative for oocyte
recovery.

Stubbings et al. (1988) reported a transvaginal

technique for recovery of oocytes from the ovaries of cat
tle.

This approach would reduce the trauma associated with

the surgical oocyte recovery.

Today, ultrasound-guided

needles are a widely used method for recovery of human
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oocytes for IVF (Russell et al., 1987).

This approach has

recently been considered for use in cattle (Pieterse et al.,
1988).

Kruip et al. (1990) have recently reported that

oocytes could be collected in vivo using an ultrasound-guid
ed technique.

The number of transferable embryos was great

er following in vivo collection and IVF compared with oocyte
collection and IVF using s1aughterhouse ovaries.
One disadvantage associated with superovulating open
cows is that the calving interval may be increased by «60
days (Bak et al., 1989).

In Saudi Arabia, dairy cattle are

usually inseminated beginning at the onset of the hot summer
season.

The use of superior donor females for superovula

tion and embryo transfer in these herds may result in an
extended postpartum interval and these females often are not
available for embryo transfer in the following year.

If the

superior donor females were mated 40 days before the onset
of the hot season, they could be superstimulated at the
onset of the hot season.

The oocytes could then be collect

ed using a transvaginal oocyte collection technique (Piet
erse et al., 1988; Kruip et al., 1989) and fertilized and
cultured for 7 days in vitro for 7 days and transferred to
recipient females.

Optimal pregnancy rates have been shown

to occur when bovine embryos are transferred at 6 to 8 days
after mating (Schneider et al., 1980; Hasler et al., 1987).
In this experiment the pregnant females treated with
FSH calved normally.

Therefore, superstimulation procedures

apparently did not alter the luteal function and allows for

a normal calving interval.

Casida et al. (1943) also re

ported no adverse effects 6 to 7 days from treatment to
autopsy after treating pregnant cattle with PMSG.
In commercial embryo transfer operations genetically
superior females are maintained in a nonpregnant status in
order to maximize the number of embryos recovered per donor
per year following superovulation.

However, the number of

viable embryos recovered has been reported to decrease with
repeated superovulation treatments of cattle (Hasler et al.,
1983).

It has been proposed that cattle need to become

pregnant for a period of «60 days to rejuvenate the repro
ductive system (Looney, personal communications).

Oocyte

recovery from superstimulated pregnant females for embryo
production may be a more suitable alternative to maximize
the number of embryos harvested per donor per year.
In tropical climates, a major portion of embryo mortal
ity in cattle has been reported to occur prior to day 7 of
pregnancy (Monty and Racowsky, 1987; Putney et al, 1988a).
In a subsequent experiment, Putney et al. (1989) reported
that pregnancy rates were increased in cattle by transfer of
viable day-7 embryos compared with mating at the time of
estrus.

Superstimulation of pregnant donor females as a

source of oocytes for IVF (Lu et al., 1988) and to be used
with the chicken embryo culture system (Blakewood et al.,
1989) or ligated oviduct system (Willadsen, 1979; Boland,
1984) may increase the number of females pregnant per donor
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collection reduce the potential of reproductive problems
associated with superovulating donor females.
In summary, pregnant cattle were successfully super
stimulated with FSH during each of three trimesters of gest
ation.

The number and diameter of follicles developing

after gonadotropin treatment was similar in both pregnant
and nonpregnant females.

The superstimulatory response was

similar in pregnant females at all trimesters of gestation.
There were differences, however, between replicates in open
cyclic cows.

The number of follicles developing on the

ovaries of pregnant females after gonadotropin treatment was
greater compared with nontreated pregnant females.

Oocytes

were collected in vivo from females in the first trimester
of gestation and were successfully used in IVF procedures.
IVF-derived embryos were cultured in vivo to produce trans
ferable quality day-7 bovine embryos.

SUMMARY AND CONCLUSION
Six experiments were conducted using dairy and beef
cattle to identify (1) factors affecting pregnancy and the
stages of conceptus loss in dairy cattle in a hot climate,
(2) the effect of conceptus death on luteal maintenance,

(3)

the effect of heat-stress treatment on bovine embryo devel
opment in vitro and (4) the effect of gonadotropin treatment
on follicular development in pregnant cows and the capacity
of oocytes recovered from pregnant cows to be fertilized and
develop to the morula stage in vitro.
In the first experiment, the effects of high tempera
ture and humidity on pregnancy rates in dairy cows under two
different cooling systems were evaluated.

Fewer cows (60%)

were diagnosed pregnant under the spray and fan cooling
system compared with 84% under the Korral Kool cooling
system.

The effect of daily changes in the temperature

humidity index (THI) on pregnancy rate was most evident for
cows cooled under the spray and fan system over that of the
Korral Kool system.
If the THI for the second day prior to or after mating
was greater than the day of mating the pregnancy rate was
lower compared with a lower THI on the second day prior to
or after mating.

Also, if the average THI for the 3 days

after mating was greater than the day of mating the preg
nancy rate was lower compared to a lower average THI for the
3 days after mating.

The mean rectal temperatures of both

the Korral Kool and spray and fan cows were maintained in
205
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the normal body temperature range.

The body temperatures of

cows under the Korral Kool system were similar to nonlactating heifers under an open shade and were maintained in the
normal body temperature range.

However, body temperatures

of lactating cows showed evidence of greater fluctuations
associated with movement away from the Korral Kool system to
feed or to be milked.

The results suggested that body

temperatures could be maintained in the normal range by
evaporative cooling but higher THI relative to the time of
mating had a negative effect on pregnancy rates.
In second experiment, the stages of conceptus loss
prior to 40 days of gestation in dairy cattle were evaluated
in both the hot and cool seasons.

Dairy cows were insemi

nated and embryos were harvested at either days 6 to 7 or
days 13 to 14 or pregnancy was diagnosed in control cows by
ultrasonography between days 25 and 35 of gestation.

At

days 6 or 7 of gestation embryo viability was similar in
both the hot and cool seasons.

Between days 6 and 14 of

gestation conceptus loss was significantly greater in the
hot season over that of the cool season.

The difference

between seasons in conceptus viability at days 13 or 14 was
also evident at days 25 to 35 of gestation when pregnancy
rates were greater in the cool season compared with that of
cows mated in the hot season.

The fertilization rate in ova

recovered was >80% in both the hot and cool seasons and does
not appear to be a contributing problem to the low pregnancy
rates in the hot months.

The frequency of multiple ovula

tions in lactating cows was 21.5%, and was similar in both
the hot and cool seasons.

The probability of a viable

conceptus was increased by the presence of a multiple ovula
tion in the cool season, but not during the hot season.

The

incidence of multiple ovulations reported for dairy cows in
this study was significantly greater than *3% often reported
in the scientific literature.

The cause of the high inci

dence of multiple ovulations is not known at present.

There

may be potential, however, to increase pregnancy rates by
controlling the ovulation rates during the hot season.

The

results suggest that conceptus loss after day 6 or 7 of
gestation appears to be a problem for high producing cows in
this hot dry climate.

The embryo loss problem in dairy cows

in the hot regions of the United States do not fit this
model.
Conceptus loss >40 days of gestation was examined in
2,874 dairy cows.

The results showed that conceptus loss of

16.5% was greater after inseminating females in the hot sea
son when compared with those in the cool season.

This diff

erence in conceptus loss between the hot and cool seasons
was evident at both 81 to 120 days and 121 to 250 days of
gestation.

Also, greater conceptus loss occurred between 40

and 80 days of gestation compared with later stages of ges
tation in both the hot and cool seasons.

Therefore, concep

tus loss continues to be a problem in dairy cattle in this
hot dry climate after 40 days of gestation.
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A greater incidence of conceptus loss diagnosed between
81 and 250 days of gestation in the hot season needs further
evaluation.

There may be a carryover effect of heat stress

resulting in conceptus death at later stages of gestation.
Alternatively, conceptus death may have occurred at an
earlier stage but the trophoblast tissues may maintain a
luteotrophic signal(s) and thus maintaining *pregnancy
status8.

It may be beneficial to verify conceptus viability

at both 40 and 70 days of gestation using ultrasonography
and to administer prostaglandin F2a to induce estrus in
those females with a nonliving conceptus.
In the fourth experiment conceptus death was induced in
beef females between day 24 and 50 of gestation by intra
uterine infusion of colchicine.

Prostaglandin F2a or physi

ological saline was administered to females at the time
conceptus death was diagnosed.

The interval to estrus was

not affected by the age of the conceptus at the time death
was induced.

The mean interval to estrus was 6.2 days in

females when prostaglandin F2a was administered 48 hours
after colchicine and this was less than 13.5 days for fe
males receiving colchicine alone.

These results indicate

that the interval to estrus may be reduced by administering
prostaglandin F2a to females when conceptus death is diag
nosed by ultrasonography.

Colchicine is a stathmokinet ic

agent that may destroy the trophoblast cells.

The tropho

blast cells are proposed to maintain the luteotrophic signal
in the early stages of gestation.

However, the cows did not
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return to estrus after conceptus death at a similar interval
as females receiving prostaglandin F2a after conceptus
death.

The lag period to the return to estrus in this study

may be explained by the time required to produce the oxyto
cin receptors or to produce the enzymes needed for prosta
glandin F2« synthesis.

This warrants further investigation.

In a fifth experiment the effects of heat stress on
bovine embryo development in vitro were evaluated.

Day-6

bovine embryos were allocated to four different treatments.
In Treatment 1 the embryos were co-cultured at mean cow body
temperature (38.6°c).

In Treatment 2 the embryos were cul

ture continuously at 40°C (chronic stress).

In Treatment 3

and 4 an acute stress was applied to the embryos prior to
co-culture at 38.6°C.

A chronic increase in environmental

temperature initially increased the rate of development but
resulted in embryo death following hatching.

After 60 hours

of co-culture the embryos that received an acute stress had
a greater embryo development compared with the control em
bryos .
These results suggest that a chronic stress is det
rimental to embryo viability but that an acute stress im
proves embryo development in vitro.

The acute stress may

have induced the production of heat shock proteins that
enabled the embryos to develop in an atypical jLn vitro
environment.

Further studies are needed to identify the

production of these proteins by bovine embryos at the morula
stage of development.

210
Conceptus loss after day 6 or 7 of gestation is a
problem in high producing dairy cows in Saudi Arabia during
the hot months, although body temperatures of the cows are
generally maintained in the normal body temperature range.
Applying an acute stress to day-7 bovine embryos prior to
transfer to recipient females at day 7 of the estrous cycle
may increase transplant pregnancy rates in this climate .
In the final experiment, pregnant beef females were
superstimulated with FSH at each trimester of gestation.
The response to FSH was similar

in both pregnant and open

cows at each trimester of gestation.

A total of 60 oocytes

recovered from first trimester pregnant females were exposed
to IVF resulting in 20% developing to the 2-cell stage with
50% of these reaching the morula stage of development in
vitro.

Results suggest that pregnant cows are able to

respond to gonadotropins similar to that of open cyclic
cows.

Also, oocytes recovered from early gestating females

are capable of fertilization and development to the morula
stage in vitro.
Further studies are required to develop an efficient
nonsurgical technique for oocyte recovery from pregnant
cows.

Also, the use of open cyclic versus pregnant cows for

oocyte recovery and embryo transfer after gonadotropin
treatment needs to be further evaluated for in-field appli
cation.

Since the calving interval in open cyclic cows is

often increased after gonadotropin treatments, the use of
pregnant donor cows may be a viable alternative.
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In Arabian countries the demand for milk products is
greatest in the hot season and cows need to become pregnant
in this period to satisfy the seasonal demand for milk.

It

may therefore be beneficial to inseminate top producing cows
prior to oocyte retrieval for in vitro fertilization and
subsequent embryo transfer.
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APPENDIX 1. MULTIPLE REGRESSION ANALYSIS OF FACTORS
AFFECTING EMBRYO VIABILITY DURING THE HOT SUMMER SEASON

Source®

DFb

Group I
Group II
PPI
NS
ANS
AIE
BW
NCL
CMY
NFOLAI
Error

1
1
1
1
1
1
1
1
1
1
89

Mean square
1.06
.12
.03
.03
.09
.10
.06
.60
.16
.22
.20

F value
5.36
.63
.17
.18
.49
.52
.32
3.06
.84
1.14

PR >F
.02
.42
.68
.66
.48
.47
.57
.08
.36
.28

“Group I = embryo collection at days 6-7, Group II =
embryo collection at days 13-14, PPI = postpartum interval,
NS = number of services, ANS = average number of services,
AIE = estrus interval prior to onset of treatment, BW = body
weight, NCL = number of corpora lutea present at the time of
embryo collection, CMY = current milk yield, NFOLAI = number
of follicles present at the time of AI.
bDF = degrees of freedom.
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APPENDIX 2. MULTIPLE REGRESSION ANALYSIS OF FACTORS
AFFECTING EMBRYO VIABILITY DURING THE COOL WINTER SEASON

Source8

DFb

Mean square

Group I
Group II
PPI
NS
ANS
AIE
BW
NCL
CMY
NFOLAI
AGE
LC1
LC2
PRY
Error

1
1
1
1
1
1
1
1
1
1
1
1
1
1
125

.11
.20
.10
.28
.23
.01
.13
1.33
.01
.04
.10
.09
.12
.22
.25

F value

.45
.79
.41
1.13
.91
.02
.05
5.25
.02
.14
.40
.39
.49
.86

PR >F

.50
.37
.52
.29
.34
.90
.88
.02
.89
.70
.52
.53
.48
.35

aGroup I = embryo collection at days 6-7, Group II =
embryo collection days 13-14, PPI = postpartum interval, NS
= number of services, ANS = average number of services, AIE
= estrus interval prior to onset of treatment, BW - body
weight, NCL = number of corpora lutea present at the time of
embryo collection, CMY = current milk yield, NFOLAI = number
of follicles present at the time of AI, AGE = age of the
donor female, LC1 = first lactation females, LC2 = second
lactation females, PRY = projected 305-day milk yield.
bDF = degrees of freedom.
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APPENDIX 3. PEARSON CORRELATION COEFFICIENTS FOR VIABILITY
WITH OTHER FACTORS MONITORED IN THE HOT SUMMER
AND COOL WINTER SEASONS
Variable0

Pb

NS
NS
LC
LC
BW
BW
NFOLAI
NFOLAI
BCS
BCS
PPI
PPI
AIE
AIE
CMY
CMY
PRY
PRY
NFOL
NCL
NCL
RT
RT
RSP
RSP
UTS
LBS
LBS
UT
UT
BF

H
C
H
C
H
C
H
C
H
C
H
C
H
C
H
C
H
C
C
H
C
H
C
H
C
C
H
C
H
C
H

Nc
204
177
204
177
202
152
182
80
201
152
204
177
148
161
190
177
162
177
107
162
183
179
78
59
180
179
179
80
148
80
191

Mean
2.27
3.74
2.63
2.83
603.00
645.00
1.46
1.80
2.73
2.81
110.40
178.70
28.08
37.93
33.07
31.92
8396.00
8881.00
1.76
1.24
1.21
38.98
38.34
75.08
44.92
3.31
3.25
3.68
3.45
3.62
20.95

SEd
.08
.01
.10
.06
6.30
6.30
.04
.07
.04
.05
4.07
6.05
1.10
1.89
.59
.64
109.80
90.10
.08
.06
.02
.06
.04
2.61
1.01
.06
.04
.08
.07
.08
.35

Re

P>R

-.00
+ .05
+ .02
+ .01
+ .13
+ .08
+ .09
+ .00
+ .12
+ .07
-.01
+ .05
+ .00
+ .08
+ .06
-.09
+ .09
-.06
-.04
+ .05
+ .24
+ .06
+ .16
-.22
+ .07
-.01
-.04
-.13
-.08
-.17
+ .02

.91
.49
.77
.88
.07
.32
.22
.99
.08
.40
.80
.48
.98
.32
.43
.22
.27
.44
.64
.49
.00
.39
.17
.06
.35
.85
.60
.24
.31
.14
.77

aNS = number of services, LC = lactation number, BW = body
weight, NFOLAI = number of follicles at AI, BCS = condition
score, PPI = postpartum interval, AIE = estrus interval
prior to treatment, CMY = current milk yield, PRY = pro
jected 305-day yield, NFOL = number of follicles at embryo
collection, NCL = number of corpora lutea, RT = rectal tem
perature at AI, RSP = respiration rate, UTS = uterus size,
LBS = labia score, UT = uterine tone, BF = backfat.
^ = hot season, C = cool season.
CN = number of observations.
dSE = standard error of the mean.
*R = correlation coefficient.
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APPENDIX 4. GENERAL LINEAR MODELS PROCEDURE FOR ANALYSIS
OF FACTORS AFFECTING THE INTERVAL FROM MATING TO DETECTION
OF CONCEPTUS LOSS IN DAIRY CATTLE PREVIOUSLY DETECTION
PREGNANT BY RECTAL PALPATION IN SAUDI ARABIA

Source®

DFb

Mean square

MTM
Lactation
Dairy Unit
NS
TOS
Technician
PPI
AGE
Error

11
4
2
6
1
3
1
1
407

3999.30
2862.02
7869.59
1946.88
23.99
1772.72
46.31
2934.19
2148.40

F value
1.86
1.33
3.66
.91
.01
.83
.02
1.37

Pr >F
.042
.257
.026
.490
.915
.480
.883
.243

aMTM = month of mating, Lactation = parity of dams, dairy
unit = origin of dams, NS = number of services, TOS = arti
ficial insemination or natural mating, Technician = individ
ual performing the pregnancy diagnosis, PPI = postpartum
interval, AGE = age of the conceptus at the time of pregnan
cy diagnosis by rectal palpation.
bDegrees of freedom.
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APPENDIX 5. GENERAL LINEAR MODELS PROCEDURE FOR ANALYSIS OF
FACTORS AFFECTING THE GESTATION PERIOD (INCLUDING SEX OF THE
CALF) IN DAIRY CATTLE IN SAUDI ARABIA

Source®
Sex
Season
Dairy Unit
Sex x Dairy Unit
Sex x Dairy Unit
Lactation
NS
TOS
PPI
PPI x Season
Error

DFb

Mean square

1
1
2
2
1
4
6
1
1
1
1983

384.15
271.85
60.23
6.92
4.31
45.38
3.63
18.85
.03
15.72
37.50

F value

PR >F

10.23
271.85
1.60
.18
.11
1.21
.10
.50
.00
.42

.0014
.0072
.2014
.8318
.7347
.3052
.9967
.4787
.9779
.5177

°NS = number of services, TOS = artificial insemination or
natural breeding, PPI = postpartum interval.
bDF = degrees of freedom.
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APPENDIX 6. GENERAL LINEAR MODELS PROCEDURE FOR ANALYSIS OF
FACTORS AFFECTING THE GESTATION PERIOD (INCLUDING THE TYPE
OF BIRTH) IN DAIRY CATTLE IN SAUDI ARABIA

Source8

DFb

TOB
1
Season
1
Dairy Unit
2
TOB x Dairy Unit
2
TOB x Season
1
Lactation
4
NS
6
TOS
1
PPI
1
PPI x Season
1
Error
2178

Mean square

F value

PR >F

6655.94
128.07
67.01
9.63
.07
47.80
9.30
14.67
.10
.44
38.49

172.90
3.33
1.74
.25
.00
1.24
.24
.38
.00
.01

.0001
.07
.17
.78
.96
.29
.96
.54
.96
.91

aTOB = type of birth (single or multiple), Season = time
of birth (hot or cool season), dairy unit = origin of dams,
NS = number of services, TOS = artificial insemination or
natural mating, PPI = postpartum interval.
bDegrees of freedom.
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APPENDIX 7. GENERAL LINEAR MODELS PROCEDURE FOR ANALYSIS OF
FACTORS AFFECTING THE INTERVAL TO ESTRUS AFTER COLCHICINE
-INDUCED CONCEPTUS DEATH

Source
Treatment
Group
Treatment x Group
Error

DFa

Mean
square

1
8
8
46

713.61
13.04
12.34
20.24

F value

PR >F

35.26
.64
.61

.0001
.7364
.7646

8DF = degrees of freedom.
APPENDIX 8. GENERAL LINEAR MODELS PROCEDURE FOR ANALYSIS OF
FACTORS AFFECTING THE INTERCEPT FOR P4 AFTER COLCHICINE
-INDUCED CONCEPTUS DEATH

Source

DFa

Mean
square

Treatment
Group
Treatment x Group
Error

1
8
8
46

44.60
212.22
103.23
124.96

F value

PR >F

.36
1.70
.83

.5531
.1245
.5840

aDF = degrees of freedom.

APPENDIX 9. GENERAL LINEAR MODELS PROCEDURE FOR ANALYSIS OF
FACTORS AFFECTING THE LINEAR RESPONSE OF P4 AFTER
COLCHICINE-INDUCED CONCEPTUS DEATH

Source

DF®

Treatment
Group
Treatment x Group
Error

1
8
8
46

"DF = degrees of freedom.

Mean
square
35.01
4.78
4.78
4.16

F value
8.42
1.15
1.15

PR >F
.0057
.3490
.3495
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APPENDIX 10. ANALYSIS OF CONSTITUENTS USED
FOR SEMEN ENRICHMENT AND IN VITRO FERTILIZATION

Item

Enrichment®
(mM)

IVFb
(mM)

Salts
NaCl
KC1
NaHC03
NaHgPO* ■H20
Na lactate
CaCl2
MgCl ■6H20

100.0
3.1
25.0
.3
21.6
2.0
1.5

114.0
3.2
25.0
.3
10.0
2.0
.5

Organic
Pyruvate
Bovine serum albumin
Osmolarity (range)

1.0
.6%
290-300

.3
.6%
290-300

“Enrichment = medium constituents for sperm enrichment.
bIVF = medium constituents for in vitro fertilization.
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APPENDIX 11. ANALYSIS OF VARIANCE FOR FACTORS AFFECTING THE
NUMBER OF FOLLICLES DEVELOPING PER OVARY AFTER
SUPERSTIMULATION OF PREGNANT AND NONPREGNANT
COWS WITH EXOGENOUS GONADOTROPIN

DFb

Mean square

F value

PR >F

a

2

1108.37

20.30

.0001

P

2

49.89

.91

.4082

a(3

4

13.22

1.19

.3282

45

1228.35

4.48

.0001

a

1

16.31

2.68

.1089

aa

2

24.19

1.99

.1494

afio

6

64.16

1.76

.1308

b(Xr X)

1

1.05

.17

.6799

44

268.09

■

Source8

C(a/3)

2

aSources of variation associated with the number of folli
cles per ovary where a is the effect
of treatment, /B isthe
effect of trimester of pregnancy, a/3
is the interaction
effect of treatment and trimester of pregnancy, C(a/3) is the
effect of cow nested in treatment and trimester of pregnan
cy, a is the effect of presence of a CL on the ovary, a a is
the interaction effect of treatment and CL, a/3a is the
interaction effect of treatment,trimester of pregnancy and
CL, b(Xj-x) is the regression of initial number of follicles
on the subsequent superstimulatory response and 2 is the
residual error.
bDF = degrees of freedom.
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APPENDIX 12. ANALYSIS OF VARIANCE FOR FACTORS AFFECTING THE
DIAMETER OF FOLLICLES ON THE OVARY AFTER SUPERSTIMULATION OF
PREGNANT AND NONPREGNANT COWS WITH AN EXOGENOUS GONADOTROPIN

Source8

DFb

Mean square

F value

PR >F

a

2

37.47

1.01

.3710

P

2

324.90

8.79

.0006

afi

4

58.14

1.57

.1981

44

36.95

5.84

.0001

1165

6.32

C(a/3)
2

aSources of variation where a is the effect of treatment,
is the effect of trimester of pregnancy, a/3 is the inter
action effect of treatment and trimester of pregnancy,
C(a/3) is the effect of cow nested in treatment and trimester
of pregnancy and 2 is the residual error.

(3

bDF = degrees of freedom.
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